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Fasting Period 


AUC 
(Bg/mKhr) 


c niax 


(hr) 


Fed 


7,826 


1,574 


2.4 



Example 38 Bioadhesive Levodopa-Carbidopa 200 mg/SO mg QjaadrOayer Tablets, Lot 
§ 603-242 

Bioadhesive levodopa-carbidopa quadrikyer tablets were produced with wet 
granulation and compression in accordance with the method described in Example 9. 
Tablets comprised m active controlled release (CR) layer laminated between two passive 
bioadhesive layers, and an immediate release (IR) layer overlying one of the bioadhesive 
layers. The weight and composition of the IR, CR and bioadhesive layers are given in Table 
16. 

Table 16. Weight and Composition of Immediate Release, Controlled Release, and 
Bioadhesive Layers of Levodopa-Carbidopa 200 mg/50 mg Quadriiayer Tablet, Lot # 603- 
242 
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Iramediatt Rah as ; yei 


Ingredients 




\\ . (tin;. 


Levodopa, USP 


33.3 


40.0 


Carhid 5 1 te, USP 


9.0 


10 8 


LU.DXPRESS® 


493 


59.2 


ri acid t n p iron • ; 1 


8.0 


9.6 


Magnesium Stearate, NF 


0.3 


0.3 


Butylated aene, NF 


0,1 


0 1 


Total 


100.0 


120.0 




Controlled Release Layer 


Ingredients 


Weight % 


Weight (m 


Levodopa, USP 


43.5 


159.6 


i b j s j } i p 


11,8 


43.3 


.succinic Acid. KV 


17.7 


65.0 


Hypramellose 2910, 5 cps, USP 


14,3 


52.5 


H pi > ndW : loo ^ ! I 


9.6 


35.2 


Com Starch, NF 


2.6 


9,5 


^ lj.«tics] m ! Mcur.ie, NF 


0.4 


1.5 


Butylated hydroxytolnetie, NF 


0,1 


0.4 


Total 


100.0 


367.0 


Bioadhesive Layer 


\u-i\ edients 


Weight % 


Weight (mg) 


^PH Ri Ml J ' i 


62.2 


155.6 


SPHEROMER™ I [p (FAS A)] 


21.6 


54.0 


Uvdnvsp] p\ t Urn (KI m( u ' FFPhami). 


13.0 


32.4 


m c Kid .ml ou I 


3.0 


7.5 




0.2 


0.5 


Total 


100.0 


>50.0 



The ingredients of the IR layer excluding magnesium stearate were blended in a 
GlobePharma Maxiblend V-shell blender equipped with a 0,5-qt Vshdl, for 1 0 rain. 
Magnesium stearate was added to fee mixed ingredients and the materials were Mended for 
5 an additional 5 min. 

The CR layer was prepared with fee granulation method described in Example 4. 
The ingredients of the CR layer excluding Hypromeliose 2910 and magnesium stearate 
were blended m a HobartMixerforS min. The dry blend i mi at )} u tig i5% 
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(w/v) solution of Hypromeltose 2910 in methyl alcohol The wet granulation was dried in a 
Vector MFL.01 Micro Batch Fluid Bed System, operating at an inlet ah- flow rate of 200 
1pm (liters per minute) and an inlet air temperature of 50 °C. The dried granulation was 
passed through a U.S. Std. mesh # 60 sieve. The screened granulation was mixed with 
magnesium stearate in the GiobePhamia Maxibtand V-shell blender equipped with a 0.5-qt 
V-shell for 5 mm. 

SPHEROMER™ IO was granulated along with hydroxypropyl cellulose (HPC) and 
citric acid by using a 3% (w/v) solution of HPC in methylene chloride in a Hobart Mixer in 
accordance with the method described in Example 5. Hie wet granulation was dried in the 
Vector MFL.01 Micro Batch Fluid Bed System, operating at an inlet air flow rate of 290 
1pm (liters per minute) and an inlet air temperature of 55 "C. Tire dried granulation was 
passed through a U.S. Std. mesh # 40 sieve. 

SPHEROMER™ 1 was granulated along with hydroxypropyl cellulose (HPC) by 
using a 2% (w/v) solution of HPC in dehydrated alcohol in a Hobart Mixer in accordance 
with the method described in Example 5. The wet granulation was dried in the Vector 
MFL.01 Micro Batch Fluid Bed System, operating at an inlet air flow rate of 200 1pm (liters 
per minute) and an inlet air temperature of 60 °C The dried granulation was passed through 
a U.S. Std. mesh # 40 sieve, 

Tile screened SPHEROMER™ ffi and SPHEROMER ™ 1 granulations were 
blended in a GlobePharma Maxiblend V-shell blended equipped with a 2-qt V-shell for 10 
rrtin. Magnesium stearate was added to the blend and the materials were mixed for an 
additional 5 rain. The final blend was passed tiuough a U.S. Std. mesh # 40 sieve. 

A 05286" x 0.8937" standard capsule-shaped die and punch set was installed on 
GlobePharma Manual Tablet Compaction Machine MTCM-1. The quadrilayer tablet was 
prepared by pre-cornpression of the four layers at 500 psi (pound per square inch) for 2 
seconds and final compression at 4000 psi for 2 s. 

Example 39 In vitro Dissolution and hi vivo Pharmacokinetic Performance of 

Bhadhesive Levodopa-Carbidopa 200 mg/SQ mg Quadrilayer Tablets, lot 
# 603-242 

The in vitro dissolution profile of bioadhesive levodopa-carbidopa quadrilayer 
tablets, containing 50 mg carbidopa and 200 mg levodopa was obtained under simulated 
gastric conditions. The dissolution tests were performed in 900 ml of 0. 1 N HC1 - pH 1 .2 
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solution in a USP H apparatus at a temperature of 37 °C. The paddle speed was set. at 50 
iprn. Samples of dissolution media were collected at predetermined intervals and analyzed 
by HPLC. The dissohi-tion profiles of levodopa and carbidopa obtained from HPLC 
analysis are shown m Figure 60. 
5 The in vivo performance of Woadheavelevodopa-carln^lopa i ' iyer tablets was 

evaluated in beagle clogs. The tablets were administered to separat e cohorts of six beagle 
dogs ■« the d id ted si » m levels of levodopa and carbidopa were measured 

' S Figures 61 md I shot the plasma concei rti ip xfile M 

levodopa and carbidopa in the fed and fasted states, respectively. The phaimacokinetic data 
1 0 including the area under the plasma levodopa vs. time curve (AUG), maxim um 

concentration (C ffiax ) and time required to achieve CW CT„ W ) are provided in Table 17, 

Table 17. Pharmacokinetic Data for Bioadhesive Levodopa-Carbidopa Qoadrilayer Tablets, 
Lot # 603-242, in Fed and Fasted Beagle Dogs: the area under the plasma levodopa vs. time 
1 5 curve (AUG), maximum concentration (C, mx ). and time required to achieve C m ^ (T am ) 





ADC 




1W 


! a sting Period 




w (ng/ml) 


(br) 


Fed 


16,558 


1,798 


10.3 


Fasted 


6,375 


3,277 


0.5 



Example 40 Bimdh&sive Levodopa-Carbidopa 200 mg/50 mg Quadrilayer Tablets, Lot 
U 603-243 

20 Bioadhesive levodopa-caxbidopa quadri layer tablets were produced with wet 

gJ e -.1 iti< -n and compression w accordance with the method described in Example 9. 
Tablets comprised an acti ve controlled release (CR) layer laminated between two passive 
bioadhesive layers, avid an immediate release ftR) layer overlying one of the bioadhesive 
layers. The weight and composition of the IR, CR and bioadhesive layers are given in Table 

25 IS, 

Table 18. Weight and Composition of hnmediate Release, Controlled Release, and 
Bioadhesive Layers of Levodopa-Carbidopa 200 mg/50 mg Quadrilayer Tablet, Lot # 603- 
243 
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Iminetik'. Reh ase Layer 




^VVeight 


vv eight (n^iOL. 


l USP 


33 3 


40 0 


i i ! <t I " J 


9,0 


10.8 


LUDiPRESS® 


49,3 


59.2 


citric achX jnhjdiuiib. USP 


8.0 




stum >S rd \> 


0.3 


0.3 


. e e, NF 


0.1 


0.1 


Total 


100.0 


120.0 




Controlled Release Layer 


Ingredients 


Weight % 


Weight (mg) 


Levodopa, USP 


43.5 


160.0 


f bidop i hydra 1 I 


11.7 


I 


Hypromeliose 2208, 100 ops, USP 


19.1 


70.1 


Succinic Acid, FCC 


17.7 


65 0 


Hypromeliose 2910, 5 ops, USP 


4.8 


17.6 


Corn Starch, NF 


1 7 


6.2 


1 1 . 1208. 4000 cps, USP 


1.0 


3.7 


Magnesium Siearate, NF 


0.4 


1.5 


B '1 -L.N 1 , 


0.3 


0.4 


Tots! 


100.0 


367.0 


Bioadiiesive l..a«. . r 


Ingredients 


Weight % 


SS ■ fghl (mg) 


pur u ! < in 


62.2 . 


155.6 


SPHEROM R i (FASAj] 


21.6 


54.0 


d pio ■ 1 - < n . Li i P , , 


13.0 


32.4 


a • ,i n droits, asp 


3.0 


7.5 


Magnesium Stearate, NF 


0.2 


0.5 


Total 


100.0 


250.0 



e i ienis o Ihe IR k^ et e> eluding m; gnesiu n st< ai it< v * a bit tided i t a 
GlobePharma MaxMend V-shell blender equipped wiQt a 0.5-qt V-shell, for 10 mm. 
Magnesium stearafe was added to the mixed ingredients and the materials were blended for 
in iddit ona.l 5 min. 

The CR layer was prepared with the granulation method described in Example 4, 
The ingredi - ' I kj er excluding Hypromeliose 2910 and magnesium stearate 
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were Mended in a Hobart Mixer for 5 mm. The diy Mead was granulated by using a 5% 
(w/v) solution ofHypromellose2910 in methyl alcohol. The wet granulation was dried in a 
Vector MFL.01 Micro Batch Fluid Bed System, operating at an inlet air flow rate of 200 
1pm (liters per minute) and an inlet air temperature of 50 °C. The dried granulation was 
passed through a U.S. Sid. mesh # 60 sieve. The screened granulation was mixed with 
magnesium stearate in the GiobePhanna Maxiblend V-shell blender equipped with a 0.5-qt 
V-shell for 5 mm. 

SPHEROMER™ III was granulated along with hydroxyptopyl cellulose (HPC) and 
citric acid by using a 3% ( w/v) solution of HPC in methylene chloride in a Hobart Mixer in 
accordance with the method described in Example 5. The wet granulation was dried in the 
Vector MFL.01 Micro Batch Fluid Bed System, operating at an inlet air flow rate of 290 
1pm (liters per minute) and an inlet air temperature of 55 °C. The dried granulation was 
passed through a U.S. Std. mesh ft- 40 sieve. 

SPHEROMER™ I was granulated along with hydroxypropyl cellulose (HPC) by 
using a 2% (w/v) solution of HPC in dehydrated alcohol in a Hobart Mixer in accordance 
with the method described in Example 5. The wet granulation was dried in the Vector 
MFL.01 Micro Batch Fluid Bed System, operating at an inlet air flow rate of 200 1pm (liters 
per minute) and an inlet air temperature of 60 °C. The dried granulation was passed through 
a U.S. Std. mesh # 40 si we. 

The screened SPHEROMER™ ffi and SPHEROMER™ I granulations were 
blended in a GiobePhanna Maxiblend V-shell blended equipped with a 2-qt V-shell, for 10 
mm, Magnesium stearate was added to die blend and die materials were mixed for an 
id< on: 

A 03286" x 0.8937" standard capsule-shaped die and punch set was installed on 
GJobePharma Manual Tablet Compaction Machine MTCM-1. The quadrilayer tablet was 
prepared by pro-compression of the four layers at 500 psi (pound per square inch) for 2 
seconds and final compression at 4000 psi for 2 s. 

Example 41 In vitro Dissolution and In vivo Pharmacokinetic Performance of 

Bioadhesive Levodopa-Carbidopa 200 rag/50 rag Quadrilayer Tablets, 
Lot #603-243 

The in vitro dissolution profile of bioadhesive levodopa-carbidopa quadril ayer 
tablets, containing 50 mg carbidopa and 200 mg levodopa was obtained under simulated 
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gastric conditions. The dissolution tests were performed in 900 mL of 0.1 N HQ - pH 1,2 
solution in a USP II apparatus at a temperature of 37 °C. The paddle speed was set at 50 
rpm. Sampl fdi ;olutio nedia were collected at predetermined intervals and analyzed 
by HPLC. The dissohi-tion profiles of levodopa and carbidopa obtained from HPLC 

■ 5 analysis a hown in igure 63 

The in vivo performance of 1 1 1 levodopa-ea ladriiayer tablets wa 

beagl 5, The lets were admini ) sepai < 1 

dogs in the fed and fasted states. Plasma levels of Levodopa and carbidopa were measured 
using LC7MS/MS analysis. Figures 64 and 65 show the plasma concentration profiles of 

10 levodopa and carbidopa in tire fed and tasted states, respectively. The pharmacokinetic data 
including the area under the plasma levodopa vs. time curve (AUC), maximum 
concentration (C mx ) and lime required to achieve C raax (T fflas ) are provided in Table 19. 

Table 19. Pbarmaeo in ti r > jl i i i s ve 1 evodopa-Carbidopa Quadrilayer Tablets, 
15 Lot # 603-243, in Fed and Fasted Beagle Dogs; the area under the plasma 1 evodopa vs. time 
curve (AUC), maximum concentration (C,„ ; , x ) 5 and time required to achieve C max (T msx ) 



Fasting Period 


AUC 
(ng/inUir) 


Cms 


(br) 


Fed 


15,927 


2,326 


4.5 


Fasted 


7,175 


3,073 


0.9 



Example 42 Manufacturing of Levodopa-Carbuiopa (4:1) Core Pellets with 
20 Granulation^Extnisum-Spheronizatwn, Lot # 606-027 

Levodopa ) e nulalio 

extrusion-* x > l m m accordance with the method described in Example 13. The dry 
weight and composition of pellets are given in Table 20, Mieronized levodopa and 
carbidopa were blended with inactive excipients in a planetary mixer for 1 5 min. The 
25 levodopa-carbidopa-excipients blend was then granulated by spraying a 1 .9% (w/v) aqueous 
solution of polyethylene oxide while mixing at low shear. The granulation was blended for 
an additional 5 min and then extruded through a 0.8 mm screen of a Caleva Extruder, model 
25, operating at 10 rpm. The extradate was spheronized in a Caleva Spheronizer, model 
250, operating at 1250 rpm for 5 min. The spheronized pellets were dried in a Vector 
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MFL.OI Micro Batch Fluid Bed System at 50 °C for 90 minutes. The dried pellets were 
screened using # 1 6 and 3 5 mesh screens and particles with diameters ranging from 0,5 mm 
to 1.2 mm were selected for future experimentation. 

5 Table 20. Dry Weight and Composition of Levodopa-Carbidopa Pellets. Lot # 606-027 



Components 


Weight 


Weight (g) 


Levodopa. MIcronized 


33.71 


202,28 


Carbidopa, Mouohydrate, USP 


9.20 


55 22 


Fumaric Acid, NF 


33.71 


202.28 


Macrocrystalline Cellulose i BMC ( >C EL 4 90 M j, \7 


1531 


91.83 


Croscanuellose Sodium (AC-DI-SOL*), NF 


4.80 


28.81 


Poloxamer 1 88 (LUTROL® F68), NF 


2.70 


16.21 


Polyethylene Oxide (POLYOX™ WSRN10), NF 


0.50 


3.00 


Butyiated Hydroxytoluerte, NF 


0.06 


0.38 


Total 


100.00 


600.00 



Example 43 Manufacturing mid in vitro Dissolution of Levodopa-Carbidopa 
Bioadhesive Extended Release Pellets, LotU 606-034 

10 Two hundred fifty grams of levedopa-earbidopa core pellets of lot # 606-027 

retained on mesh # 35 (from Example 42) were subsequently coated in a Vector MFL.OI 
Micro Batch Fluid Bed System with a release rate-controlling composition containing 
EUDRAGIT* RS 100, EUDRAGIT® RL 100, ACRYL-EZE® and triethyl citrate 
(65:15:5:35) dissolved in methanol to achieve a weight gain of 4.4% (w/w). These pellets 

1 5 were subsequently film-coated with a bioadhesive polymeric composition comprising 
SPHEROMER™ III, succinic acid and citric acid (45:50:5) dissolved in methanol to 
achieve a weight gain of 6.9% (w/w). Finally they were top-coated with a hypromellose and 
OPADKY* Clear coating mixture (45:55) dissolved in a methanol and water solution (90:10 
v/v) to achieve a weight gain of 2.4% (w/w). The top coating was added to keep pellets 

20 mono n release in the stomach. 

Various film coatings were performed hi the Vector MFL.OI Micro Batch Fluid Bed 
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System, equipped with a Wurster insert operating at an inlet air flow rate of 100-300 1pm 
(liter per minute) and an inlet air temperatureof 35 °C±S °C The pellets were pre-warmed 
- - at 35 °C for 2-5 mia and after film-coating were post-dried at 30 °C for 15-30 mis. The 
weigiit and composition of coated pellets (lot # 606-034) are given in Table 21 . Figure 66 
5 shows the :« vitro dissolution profiles of ievodopa and carbidopa obtained from HPLC 
analysis in phosphate buffered saline, pH 4.5. 

Table 21. Weight and Composition of Levodopa-Carbidopa Bioadhesfve Extended Release 
Pellets, Lot# 606-034 

10 



Components 


Weight % 


Weight (g) 


Levodopa-Carbidopa Core Pellets (Lot # 606-027) 


76.71 


250.0 


Succinic Acid, FCC 


5 37 


17.5 


FUDRAOI7 1 RS 100, Sfl 


5.00 


16.3 


SPHEROMER™ ill 


4.85 


15.8 


OPADRY* Clear 


2.64 


8.6 


Hypromellose 2910, 5 cps (METHOCBL™ ES 
•• ikM LV). USP 


2.15 


7.0 


EUDRAGIT* 1 RL 1 00, NF 


1.17 


3.8 


Tnei'hyl Citrate, NF 


1.17 


3.8 


Anhydrous Citric Acid. USP 


0.55 


1.8 


M I'M /i ^^3Glb"f A 


0.40 


1.3 


Total 


100.00 


325.9 



Example 44 Manufacturing of Levodopa-Carbidopa Immediate Release. Layer Blend, 
LotH 606-052 

To manufacture a rapidly disintegrating matrix tablet of ievodopa and carbidopa, a 
1 5 dry blend of these actives with inactive ingredients was prepared using a V-shel! blender. 
The weight and composition of the blend are given in Table 22. All ingredients excluding 
magnesium stearate were blended in a GlobePharma Maxiblend V-shell blender equipped 
with a 2-qt V-shell, for 10 min. Magnesium stearate was added to the mixed ingredients and 
the materials were blended for an additional 5 min. 

- 207 - 



WO 2007/0025 1<S 



P€T/tiS2<KK./(}2-W6.> 



Table 22. Weight and Composition of Xevodopa-Carbidepa Immediate Release Layer 
Blend, Lot# 606-052 



Components 


Weight 


Weight (g) 


[ .^.vocl \ Vti OJl Ctl 


4.80 


24.00 


( i cl^'p Vlo rich vdr3.tc 1 JS P 


L30 




LUDIPRESS® 


50.80 


254.00 


Mwoc ^illin ( , 1 i HI IUV) M 


26.00 


130.00 


'Aojxanne lose ^Himm t \C -Df-M 0. NF 


J 5.00 



75.00 


Anhydrous Citric Acid, USP 


1.10 


, 50 


Foloxanier 188 (LDTROI.® F68), NF 


0.59 


2.95 


Magnesium Stearate, NF 


0.40 


2.00 


; Butylated Hydroxytolueae, NF 


0.01 


0.05 


Total 


100.00 


500,00 



Example 45 Manufacturing and in vitro Dissolution of Levadapa-Carhidopa 200 mg/SO 
mg Rapidly Disintegrating Petleiized Extended Release Tablets, lot # 606- 
058 

This formulation approach is a monolithic tablet system comprising a rapidly 
10 disi ' onent and levodopi 

extended release multiparticulate pellets. The tablet disintegrates rapidly in the stomach 
releasing an initial dose of levodopa-carbidopa and the multiparticulate pellets into the 
gastric environment. This allows an initial dose of levodopa to be immediately absorbed. 
The multiparticulate pellets adhere to tire gastric mucosal lining and release levodopa m a 
15 .regulated manner, 

Levodopa-carbidopa rapidly disintegrating pelletized tablets were prepared using 
direct compression. The manufacturing processes comprised: 

(1) Weighing levodopa-carbidopa bioadhesive extended release pellets (lot # 606-034) 
prepared in accordance with Example 43. 
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(2) Weiglimglevodopa-cacbidopa rapid! < loL# 606-052) .. 
prepared m accordance with Example 44. 

(3) Mixing fee weighed ingredients from steps 1 and 2 in a small container. 

The tablets were produced using a single-station manual tablet press, GiobePharma 
5 Manual Tablet Compaction Machine MTCM-I, equipped with a 0.3287" x 0.8937" capsule- 
shaped die and punch set. The compression process comprised: 

(4) Adding the mix from step 3 into the die cavity. 

(5) Pre -coin pressing the mix at a pressure ranging ffcom 200 psi (pounds per square 
inch) and a compression time of 5 seconds. 

1 0 (6) Compressing the mix together at a pressure t anging from 1 900 psi and a 

compression time uf 5 seconds. 

Figure 67 shows the in vitro dissolution profile of the levodopa-earbidopa rapidly 
disintegrating pelleiized tablets obtained from B'PLC analysis in phosphate buffered saline, 
pH4.5. 

1 5 Example 46 Manufacturing and in vitro .Dissolution Testing of Levodopa-Carhidopa 
Biaadhesive .Extended Release Pellets, Lotft 606-068 

Eighty grains of levodopa-earbidopa core pellets of lot # 606-027 retained on mesh # 
35 (from Example 42) were subsequently coated in a Vector MFL.01 Micro Batch Fluid 
Bed System with a release rate-controlling composition containing EUDRAGIT® RS 1 00, 

20 EUDRAGIT® RL 100, ACRYL-EZE® and tri ih 1 citrate Lchieve a wei ht i, Cm of 4.3" 
(w/w). These pellets were subsequently film-coated with a bioadhesive polymeric 
composition comprising SPBEROMER™ HI, succinic Acid and citric acid (40:50:5) to 
achieve a weight gain of 4.2% (w/w). Finally they were top-coated with a SPHEROMER™ 
1 and triethyl citrate (80:20) coating mixture to achieve a weight gain of 1 % (w/w). The top 

25 coating was added to keep pellets mono-dispersed upon release in the stomach. 

Various film coatings were performed in a fluidized bed coater, Vector MFL.01 
Micro Baich Fhiid Bed System, equipped with a Wurster insert, operating at an inlet air 
flow rate of 1 00*50 1pm (liter per minute) and an inlet air temperature of 35 c, O5 0 C. The 
pellets were pre-vvaxaied at 35°C for 5 min and after film-coating were post-dried at 30°C 

30 for 1 0 min. The weight and composition of coated pellets (lot # 606-068) are given in Table 
23 . Figure 68 shows the dissolution profiles of levodopa and carbidopa obtained from 
BPLC analysis in te hi ffered saline, pH 4.5. 
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Table 23. Weight and Composition of Levodopa-Carbidopa Bioadhesive Extended Release 
Pellets, Lot# 606-068 



Components 


Weight (%) 


Weight (g> 


Levodopa-Carbidopa Core Pellets 


91.11 


80 


BUDRAGIT® RS i00,NF 


1.66 


1.46 


EUDR AGIT* RL 100, NF 


1.66 ' 


1.46 


Triethyl Citrate, NF 


o.ss 


0.51 


ACRYL-EZB* White (93018509) 


0.19 


0.17 


Succinic Acid, FCC 


2.20 


1.93 


SPHEROMER™ HI 


1.59 


1.4 


Anhydrous Citric Acid, XJSP 


0.20 


0.1S 


SPHEROMER™ I 


0.80 


0.7 


Total 


100 


87.81 



5 



Example 47 Manufacturing of Levodopa-Carbidopa Immediate Release Granules, Lot 
# 606-050 

Levodopa-carbidopa immediate-release (1R) granules were prepared by mixing the 
ingredients of the 1R granules (Table 24) excluding hyproroellose were blended in a low 
10 shear mixer followed by granulation using methanolic solution of oyptomeHose. The 
granules were dried using a fluidized bed dryer. Vector MFL.0 1 Micro Batch Fluid Bed 
System, operating at an inlet air flow rate of 100-115 Iprn (liter per minute) and an inlet air 
temperature of 50 °C for 2 hours. The granulation was then passed through a U.S. Sid mesh 
#35 sieve. 

15 

Table 24. Weight and Composition of Levodopa-Carbidopa immediate Release Granules, 
Lot# 606-050 



Components 


Weight (%) 


Weight (g) 


Levo d op a , Mi cronized 


32.30 


38.96 
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f , 1 j lop; 'vl m \v drat 1 5P 


8.73 


10.53 


AVICEL* PH- 105 ! ^icrocrystalline Cellulose) 


34.05 


41 .07 


Cros N t, e Sodi i ( u M i K » 


9.70 


11.7 


Poloxamer 138 (LUTROL® F68), NF 


4.37 


5.27 


Butylated Hydroxytoluene, NF 


0.10 


0.12 


Anhydrous Citric Acid, USP 


7.76 


9.36 


Hypromellose 2910, 5 cps (METHOCEL™ E5 
Premium LV), I /SP 


2.98 


3.6 


fetal 


100.00 


120.01 



Example 48 Manufacturing of Bioadhe&ve Blend, Lot # 603-228 

Bioadhesive bleed was prepared using SPHEROMER™ III and SPHEROMER** I 
granulation. The composition is listed in Table 25. SPHEROMER'" HI was granulated 
5 along with hydroxyp c e (HPC> and cat c acid by using a 3% (w/v) solution of 

HPC in methylene chloride in a Hobart Mixer in accordance with the method described in 
Example 5. The wet granulation was dried in a Vector MFL.01 Micro Batch Fluid Bed 
System, operating at an inlet air flow rate of 290 1pm (liter per minute) and an inlet air 
temperature of 55 °C. The dried granulation was passed through a U.S. Std. mesh # 40 
10 sieve. 

SPHEROMER™ I was granulated along with hydroxypropyl cellulose (HFC) by 
using a 2% (w/v) solution of HPC in dehydrated alcohol in a Hobart Mixer in accordance 
with the metlx • »ed in Example 5 The wet granulation was dried in the Vector 
MFL.01 Micro Batch Fluid Bed System, operating at an inlet air flow rate of 200 lpm (liter 

15 per minute) and an Met air temperature of 60 °C. The dried granulation was passed through 
a U.S. Std. mesh # 40 sieve. 

The screened SPHEROMER™ 111 and SPHEROMER.™ 1 granulations were blended 
in a GiobePharma Maxiblend V-shell blender equipped with a 2-qt V-sheil, for 10 mm. 
Magnesium stearate was added to the blend and the materials were mixed for an additional 

20 5 nun. The final blend was passed through a U.S. Std. mesh # 40 sieve. 

Table 25. Weight and Composi tion of Bioadhesive Blend, Lot* 603-228 
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Ingredients 


Weight 


Weight (mg) 


pi. ^ R m 







SPHERG! > ■ " , i PASA)] 

Hydroxypn pyl ce e ( KLUCEI® EF Pharm), NF 


13.0 


54,0 

55 — 

! 


C Uric 'Vcicl. anhydrous, USP 


3.0 


7.5 ! 


Magnesmm Siearaie, NF 


0.2 


sri 


Total 


100.0 


Tso.o 1 



Example 4.9 Manufacturing of Slowly Eroding Matrix Blend, Lot # 

Slowly eroding matrix blead was prepared using a V-shel! blender. The ingredients 
of the matrix blend (Table 26) excl uding magnesium stearate were blended in a 
GlobePhanna Maxibiead V-shell blender equipped with a 2-qt V-shell, fbr lOmin. 
Magnesium stearate was added to the mixed ingredients and the materials were blended for 
an additional 5 min. 



Table 26, Weight and Composition of Bioadhesive Blend, Lol# 603-228 



Ingredients 


Weight % 


Weight (mg) 


f *h\ U luloso . b f riOCEL " Md 10 FP Premium) 


32.5 


243.75 


Compressable Sugar, NF 


45.2 


339.00 


Succinic Acid, FCC 


7.0 


52.50 


Talc, (JSP 


15 0 


112.50 


Magnesium Stearate, NF 


0.3 


2.25 


Total 


100.0 


750.00 



Example SO Manufacturing and in vitro Dissolution ofLevodopa-Carhidopa 200 m$/5Q 
mg Sfawty Eroding PeUetized Extended-Release Tablets, Lot # 606-072 
This formulation approach is a multilayer tablet system is a multilayer tablet system 
consisting of an immediate release (IR) levodopa-carbidopa component a bioadhesive or 
optionally a non-bioadhesive backing layer and levodopa-carbidopa bioadhesive extended • 
release multiparticulate beads embedded in an inner slowly eroding matrix. The bioadhesive 
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layer adheres to fee gastric mucosa and further reduces variability by kcreasing the gastric 
residence time. The IR layer disintegrates rapidly releasing an initial dose oflevodopa- 
carbidopa in the stomach. This allows an initial dose oflcvodopa and carbidopa io be 
immediately absorbed. The inner matrix layer of the tablet erodes slowly and evenly for 3 to 
4 hours and releases the multiparticulate beads slowly. The multiparticulate beads adhere to 
the gastric mucosal lining and release levodopa and carbidopa in a regulated manner. 

.Levodopa-carbidopa slowly eroding pelletized extended-release tablets were 
prepared using direct compression. The manufacturing processes comprised; 

(1) Weighing levodopa-carbidopa bioadhesive extended-release pellets (lot # 606-068) 
prepared in accordance with Example 46. 

(2) Weighing levodopa-carbidopa immediate-release granules (lot # 606-050) prepared 
in accordance with Example 47. 

(3) Weighing bioadhesive blend (lot # 603-228) prepared in accordance wi th Example 
48. 

(4) Weighing slowly eroding matrix blend (lot # 606-072) prepared in accordance with. 
Example 49. 

(5) Mixing the weighed ingredients from step (1) and step (4) in a small container. 
The tablets were produced using a single-station manual tablet press, GlobePharnia 

Manual Tablet Compaction Machine MTCM-I, equipped with a 03287" x 0.8937" capsule- 
shaped die and punch set. The compression process comprised; 

(6) Adding the material from step (3), followed by step (5), and finally step (2) into the 
die cavity. 

(7) Compressing the mix together at a pressure of 2500 psi (pounds per square inch) and 
a compression time of 5 seconds. 

Figure 69 shows the in vitro dissolution profile of the levodopa-carbidopa slowly 
eroding pelletized extended-release tablets (lot # 606-072) in phosphate buffered saline, pH 
4.5. 

The following examples relates to the multiparticulate formulation. 

Example 51 Production of Levodopa, Carbidopa, and levodopa-Carbidopa Pellets with 
Gmmdmion-Extrmion-Spheromzation and Fluid Bed Drying 
Levodopa, carbidopa, and levodopa-carbidopa pellets were produced wife 
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gj^niilation-estrasion-spheroBizatioft and fluid bed diying. The following steps (or minor 

variations then i . *e followed to produce the pellets: 

(1 ) Weighing levodopa or carbidopa, or both levodopa and carbidopa, optionally a 
bioadhesive polymer composition, and phamraceutically acceptable excipients. 
5 (2) Blending levodopa or carbidopa, or both levodopa arid carbidopa, and optionally 

a bioadhesive polymer composition, with ph £ c h icceplable excipients in a 
planetary type mixer, e.g., Hobart Mixer with a 5-qt asking bowl, operating at the speed 
setting #1, for 5-15 min, forming a dry mix, 

(3) Granulating the dry mix from step (2) under low shear with a granulation fluid, 
1 0 forming a wet granulation. The granulation fluids were mainly selected from, e.g. , 

purified water, an aqueous solution of a mineral or organic acid, an aqueous solution of 
a polymeric composition, a pharmaceuticaliy acceptable alcohol, a ketone or a 
chlorinated solvent, a hydro-alcoholic mixture, an alcoholic or hydro-alcoholic solution 
of a polymeric composition, a solution of a polymeric composition in a chlorinated 
1 5 solvent or in a ketone. 

(4) Extruding the wet granulation from step (3) through the screen of a screen-type 
extruder, e.g., Caleva Model 20 (or Model 25) Extruder, operating at 10-20 rpm, and 
forming breakable wet strands, the extrudate. The screen aperture was 0.8, 1 , or 1.5 mm. 

(5) Spheronizing the extrudate from step (4) in a spheronizer , e.g. , Caieva Model 

20 250, equipped with a 2.5-mra spheronization plate, operating at 1 000-2000 rpm for 5-10 
min, and forming spheronized pellets. 

(6) Drying the spheronized pellets from step (5) in a fluidized bed drier, e.g.. Vector 
MFL.01 Micro Batch Fluid Bed System, operating at an inlet ah flow rate of 100-300 
1pm {liters per minute) and an inlet air temperature of 50 °C. Alternatively, pellets were 

2 5 dried ei iher in an ACT (Applied Chemical Technology) fluidized bed drier or hi a 

conventional Precision oven. The ACT fluidized bed drier was operated at an inlet air 
flow rate of 1 40-150 fpm (foot per minute) and an inlet air temperature of 104 °F, The 
oven was set at 50 °C. 

(7) Screening and classifying the dried pellets .from step (6) through a stack of 

30 stainless steel sieves, U.S. standard mesh sizes 8, 10, 12, 14, 16, 1 8, 20, 25, 30, 40, 45, 
and 60 using a mechanical sieve shaker, W.S. Tyler Sieve Shaker Ro-Tap Rx-29, 
operated for 5 min. Particle size and distribution of pellet formulations were analyzed. 
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and classified pellets ranging fiom 0,25 mm (mesh # 60) to 2 mm (mesh # 10) were 
selected for future film coating or other experimentation. 

Example 52 Production of Levodopa, Carbidopa, and Levodopa-Carbidopa Pellets with 
Granulation-Bxirmion'Spheronization and Oven Diying 

5 Levodopa, carbidopa, and lewdopa-carbidopa pellets were produced with - 

gi-ariulation-extrtision-splieronizatiort and oven drying. The production processes included 
the steps 1 to 5 and 7 of Example 5 1 but fee spheronized pellets were dried in a Precision 
gravity oven, operating at 50 *C, for 8-24 fa. 

Example 53 Film coating of Levodopa, Carbidopa, and Levodopa-Carbidopa Pellets 
1 0 with Bioadhesive Polymer, SPHEROMER™ I [poty(FASA)] 

Levodopa, carbidopa, and levodopa-carbidopa pellets were film-coated wife a 
bioadhesive polymeric composition, SPHEROMER™ i [polyfFASA}], Bioadhesive 
SPHEROMER™ I and optionally a functional polymer, or a non-functional polymer, and 
optionally pharmaceuticaliy acceptable excipients, were dissolved in methylene chloride, 
1 5 The film coating was performed in a tMdized bed eoater. Vector M.FL.01 Micro Batch 

Fluid Bed System, equipped with a Wnrster insert, operating at an inlet air flow rate of 100- 
300 lpm (liters per minute) and an inlet air temperature of 25 *C to 30 *C, The pellets were 
pie-warmed at 35 °C for 2-5 mm and alter film-coating were post-dried at 30 °C for 15-30 
min, 

20 Example 54 Film coating of Levodopa, Carbidopa, and Levodopa-Carbidopa Pellets 
with Bioadhesive Polymer, SPHEROMER™ III 

Levodopa, carbidopa, and levodopa-carbidopa pellets were film-coated wife a 
bioadhesive polymeric composition, SPHEROMER.™ ill. Bioadhesive SPHEROMER™ HI 
and optionally a functional polymer, or a non-tune I ot \ v. A nei . and optionally 

25 pharmaceutical^ acceptable excipients, were dissolved in methanol. The film coating was 
perfbnned in a fluidized bed coater, Vector MFL.01 Micro Batch Fluid Bed System, 
equipped wife a Wurster insert, operating at an inlet air flow rate of 1 00-300 iprn (liter per 
minute) and an inlet air temperature of 35 °C±2 °C. The pellets were pre-wamied at 35 °C 
for 2-5 min and after film-coating were post-dried at 30 °C for 1 5-30 min. 

3 0 Alternatively, pellets were coated in a Fluid Air Model 5 fluid bed processor, 
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equipped with a Wurster insert, operating at an Met air flow rate of 70 cfea (cubic foot per 
minute) and an inlet air temperature of 35 °C. The pellets were pre-warmed at 40 °C for 5-7 
mm and after film-coating were post-dried at 35 °C for 30 mm. 

Example 55 Film coating of Levodopa, Carbidopa, and Levodopa-Carhidopa Pellets 
5 with Bioadhesive Polymeric Composition Comprising SPllER OMEU™ f 

[poly(FASA)] and SPHEROMER™ ill 

Levodopa, carbidopa, and ievodopa-carbidopa pellets were film-coated with a 
bioadhesive polymeric composition of SPHEROMER™ I [poIy(FASA)] and 
SPHEROMER™ III. Bioadhesive SPHEROMER'™ i [poly{FASA)3 and SPHEROMER™ 

1 0 Hi polymers, and optionally a functional polymer, or a non-fimc ti ona 1 po lym or, an d 

optionally pharmaceuiically acceptable exciptents, were dissolved in a binary mixture of 
methanol and methylene chloride. The film coating was performed in s frmdked bed coater, 
Vector MFL.01 Micro Batch Fluid Bed System, equipped with a Wurster insert, operating 
at an Met air flow rate of 100-300 1pm (liter per minute) and an inlet air temperature of 25 

1 5 °C to 35 °C. The pellets were pre- wanned at 35 °C for 2-5 mm and after film-coating were 
post-dried at 30 °C for 15-30 min. 

Example 56 Flint coating of Levodopa, Carbidopa, and Levodopa-Carhidopa Pellets 
with Bioadhesive Polymer, SPHEROMER™ IV 

Levodopa, carbidopa, and Ievodopa-carbidopa pellets were film-coated with a 
20 ■ bioadhesive polymeric composition, SPHEROMER™ IV. Bioadhesi ve SPHEROMER™ 
IV and optionally a functional polymer, or a non-functional polymer, were dissolved in 
methanol or a binary mixture of ethanol and water (3:1 v/V). The film coating was 
performed in a fmidized bed coater, Vector MFL.01 Micro Batch Fluid Bed System, 
equipped with a Wurster insert, operating at an inlet air flow rate of 100-300 1pm (liter per 
25 minute) and an inlet air temperature of 35 °C. The pellets were pre-wan»ed at 3 5 °C for 2-5 
ruin and after film coating were post-dried at 30 °C for 15-30 min. 

Example 57 Film coating of Levodopa, Carbidopa, and Levodopa-Carhidopa Pellets 
with a Functional or ti Non-functional Polymer 

Levodopa, carbidopa, and Ievodopa-carbidopa pellets were film coated with a 
30 functional or a non-functional polymer. The polymer was dissolved in either of methanol, 
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etbanol, or isopropanol, or their binary mixture wife acetone. The film coating was 
performed in a fhridized bed eoater. Vector MFL.01 Micro Batch. Fluid Bed System, 
equipped with a Wurster insert, operating at an Met air flow rate of 100-300 lpm (liter per 
minute) and an inlet air temperature of 30 °C to 40 °C. The pellets were pre-warmed at 30 
°C to 40 °C for 2-5 mm and after film coating were post-dried at 30 °C to 40 °C for 15-30 
min. 

Example 58 Production of Carbidopa Granules with Low Shear Granulation mul Fluid 
Bed Drying 

Carbidopa grannies were produced with low shear granulation method comprising 
the following processes: 

(1) Weighing carbidopa, optionally abioadhesive polymer composition, and 
phannaceutieally acceptable oxcipients. 

(2) Blending carbidopa, and optionally abioadhesive polymer composition, with, 
phannaeeutically acceptable, excipients in a planetary type mixer, e.g. , Hobart 
Mixer, operating at the speed setting #1, for 5-15 min, forming a dry mix. 

(3) Granulating the dry mix from step (2) under low shear with a granulation fluid, 
forming a wet granulation. The granulation fluid were mainly selected from purified 
water, an aqueous solution of a mineral or organic add, an aqueous solution of a 
polymeric composition, an alcohol, a hydro-alcoholic mixture, or an alcoholic or 
hydro-alcoholic solution of a polymeric composition. 

(4) D^ing the granulation from step (3) in a fluidized bed drier, e.g., Vector MFL.01 
Micro Batch Fluid Bed System, operating at an inlet air flow rate of 100-300 1pm 
{liters per minute) and an inlet ah' temperature of 50 °C Alternatively, fee 
granulation from step (3) was dried in a Precision gravity oven, operating at 50 "C, 
for 8-24 h. 

(5) Screening and classifying the dried grannies from step (4) through a stack of 
stainless steel sieves, U.S. standard mesh sizes 20 and 60, using a mechanical sieve 
shaker, W.S. Tyler Sieve Shaker Ro-Tap Rx-29, operated for 5 min. Particle size 
and distribution of granular formulations were analyzed, and classified granules 
ranging from 0.25 mm (mesh # 60) to 0.85 mm (mesh # 20) were selected for future 
experimentation. 

Example 59 Production of Carbidopa Granules with Low Shear Granulation and Oven 
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Drying 

Carbidopa granules were produced with low shear granulation and oven drying. The 
production processes included the steps 1 to 3 and 5 of Example 58 but the granulation was 
dried in a Precision gravity oven, operating at 50 °C, for 8-48 h. 

Example 60 In vitro Dissolution of Multiparticulate Formulations of Levodopa, 
Carbidopa, and Levodopa-Carbidopa 

The in vitro dissolution profile of Levodopa, carbidopa, and levodopa-carbidopa 
multiparticulate formulations were obtained under simulated gastric conditions. The 
dissolution tests were performed in 900 mL of either of 0.1 N HC1 - pH 1 2, phosphate 
buffer saline (PBS ) pH 4.5, or sodium acetate buffer pH 4.5 solutions, in a USP II apparatus 
at a temperature of 37 °C The paddle speed was set at 50 rpm. Samples of dissolution 
media were collected at predetermined intervals and analyzed by either HPLC or U V 
spectrophotometry. 

Example 61 In vitro Dissolution ofSINEMET® 10-100 Tablets, containing 10 mg 
Carbidopa and 100 mg Uvodopa, Lot # 00067 

The in vitro dissolution profile of SINEMET* 10-100 tablets, containing 10 mg 
carbidopa and 100 mg levodopa was obtained under simulated gastric conditions. The 
dissolution tests were performed in 900 mL of either of 0. IN HC1 - pH 1 .2, phosphate 
buffer saline (PBS) - pH 4.5, or sodium acetate buffer - pH 4.5 solutions, in a USP H 
apparatus at a temperature of 37 °C. The paddle speed was set at 50 rpm. Samples of 
dissolution media were collected at predetermined intervals and analyzed by UV 
spectrophotometry. The combined dissolution profile of levodopa-carbidopa obtained from 
UV spectrophotometry analysis is shown in Figure 70. 

Example 62 In vitro Dissolution ofSINEMET® CR 50-200 Tablets, containing SO mg 
Carbidopa and 200 mg Levodopa, Lot # N46S2 

The in vitro dissolution profile of SINBMBT® CR 50-200 tablets, containing 50 mg 
carbidopa and 200 mg levodopa were obtained under simulated gastric conditions. The 
dissolution tests were performed in 900 mLofOJN HC1 - pH 1.2 solution, in a USP II 
apparatus at a temperature of 37 °C. The paddle speed was set at 50 rpm. Samples of 
dissolution media were collected at predetermined intervals and analyzed by HPLC, The 
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dissolution profiles of levodopa and carbidopa obtained from HPLC analysis are shorn in 
Figure??. 

Example 63 In vivo Pharmacokinetic Performance of SINEMjET® 10-100 Tablets in 
Fed Beagle Dogs, Lot # 0006? 

5 The in vivo performance of S1NEMET® 10-100 tablets was evaluated in 

beagle dogs. S1NEMET® tablets were administered to cohorts of six beagle dogs in the fed 
state and plasma levels of levodopa and carbidopa were measured using LC/MS/MS 
analysis- Figure 72 shows the plasma concentration profiles of levodopa and carbidopa. The 
pharmacokinetic data including the area under the plasma levodopa vs. time curve (AUG), 
10 maximum concentration (C am ) and time required to achieve CW (T a «) are provided in 
Table 1A. 

Table 1 A. Pharmacokinetic Data for SINEMET* 10-100 Tablets, Lot # 00067, in Fed 
Beagle Dogs.; the area under the plasma levodopa vs. time curve (AUG), maximum 
1 5 concentration (C a!3X ), and time required to achieve CW (T mBX ) 



Formulation 


AUG 
(ng/mbhr) 


cw 

(ng/ml) 


Chr) 


SINEMET® 10-100 Tablets 


5,956 


3,400 


0.66 



Example 64 7n vm> Pharmacokinetic Performance o/SLXEMEf' CR 50-200 Tablets 
in Fed Beagle Dogs, Lot # N46S2 

The in vivo performance of SINEMET® CR 50-200 tablets was evaluated in. beagle 
20 dogs. SINEMET® CR tablets were administered to cohorts of six beagle dogs in the fed 
state and plasma levels of levodopa and carbidopa were measured using HPLC analysis. 
Figure 73 shows the plasma concentration profiles of levodopa and carbidopa. The 
pharmacokinetic data including the area under the plasma levodopa vs. time curve (AUG), 
maximum concentration (CW) and time required to achieve C tsm , (T !im ) are provided in 
25 Table 2A. 
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Table 2A. Pharmacokinetic Data for S'JNEMET® CR 50-200 Tablets, Lot # N46S2, in Fed 
Beagle Dogs; the area under the plasma levodopa vs. time curve (AUG), maximum 
concentration (C msx ), and time required to achieve C ivtax CW) 



Formulation 


AUC 
fng/rnLhr) 





Our) 


SINEMET® CR 50-200 Tablets 


3,903 


1,663 


2 



5 

Example 65 /« wvo Pharmacokinetic Performance ofS'TNEMEm CR 50-200 Tablets 
in Fasted Beagle Dogs, Lot # Wtftt 

The in vivo performance of SINEMEI* CR 50-200 tablets was evaluated, in beagle 
dogs, SINEMET* CR tablets were administered to cohorts of twelve beagle dogs in the 
1 0 fasted state and plasma levels of levodopa and carbidopa were measured using HPLC 

analysis. Figure 74 shows the plasma concentration profiles of levodopa and carbidopa. The 
pharmacokinetic data including the area under the plasma levodopa vs. time curve (AUC), 
maximum concentration (C raa)i ) and time required to achieve Cm* (T raas ) are provided in 
Table 3 A. 

15 

Table 3A. Pharmacokinetic Data for SINEMEI* CR 50-200 Tablets, Lot # N4682, in 
Fasted Beagle Dogs; the area under the plasma levodopa vs. time curve (AUC), maximum 
concentration (C WitJl ), and time required to achieve C lnax (T^x) 





AUC 


C ras * 


T nm 1 


l oi irttilatuin 


(ng/ml.hr) 


(ng/ml) 


(iir) | 


SINEMEI* CR 50-200 Tablets 


936 


604 


1 i 



20 

Example 66 Production of Levodopa Pellets: with Granulation-Extrusion- 
Spheronizatitm, Lot # 510-095 

Three identical sub-lots of levodopa pellets (sub-lots # 511-068, 511-069, and 511- 
070) were prepared in accordance with the method described in Example 5 1 . The weight 
25 and composition of pellets of the sub-lot #511 -068 are given in Table 4A. Levodopa was 
blended with inactive excipients for 5 min. The levodopa-excipients blend was then 
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granulated by spraying purified water while mixing at low shear. The granulation was 
blended 1 lea extruded through a 1 .5 mm screen of a Caleva 

I 25, t pei i ting at 15 rpm. The extradate was n Cale\ a 

spheromzer, model 250, operating at 1000 rpm for 5 rain. The spheronized pellets were 
5 dried in an ACT (Applied Chemical Technology) fiuidized bed drier at 104 °F±4 *F for 75 
min. The dried pellets were screened and particles with diameters ranging from ! mm to 2 
mm were selected for future experimentation. The screened pellets of the three sub-lots 
were blended in a GlobePhatma Ma xibiend Blender equipped with an S~qt. stainless steel V- 
shell. 

10 

Table 4A. Weight and Composition of Levodopa Peih is, Sub-lot # 5] 1-068 



Ingredients 


Weight % 


Weight (g) 


Levodopa, USP 


50.0 


300 


rMiciouWa 1 s Ji U . tfM ' i , i • "0 M), NF 


25.0 


150 


Mannitol (M » if f ,M Powdered), USP 


14.0 


84 


Hydroxypropylcellulose (HPC-SSL), NF 


5.0 


30 


C rt-seji mdiose sodium (AC-Dl'-SOL®), NF 


5.0 


30 


Citric acid, anhydrous, USP 


1.0 


6 


Total 


100.0 


600 



Example 67 Production oflevodopa-Carhidopa (4:1) Pellets with Granulation- 
Mxtrusion-Spheronization, Lot # 510-4)96 

1 5 Three identical sub-lots of levodopa-carbidopa pellets {sub-lots # 5 1 0-094, 5 1 1 -043, 

and 51 1-055) were prepared in accordance with the method described in Example 51 . The 
weight and composition of the sub-lot # 510-094 are given in Table 5A. Levodopa and 
earbidopa were Wended with inactive exeipients for 5 rain. The tevodopa-carhjdopa- 
excipients blend was then granulated by spraying purified water while mixing at low shear. 

20 The granulation was Wended for an additional 5 mm and then extruded through a 1.5 mm 
screen of a Caleva extruder, model 25, operating at 35 rpm. The extmdate was spheronized 
in a Caleva spheronizer, model 250, operating at 1000 rpm for 5 rain. The spheronized 
pellets were dried in an ACT (Applied Chemical Teeimology) fluidized bed drier at 104 °F 
± 4 °F for 25 rain. The dried pellets were screened and particles with diameters ranging 
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from 1 mm to 2 mm were selected for future experimentation. The s< , lets of the - 

three sub-lots were blended in a GlobePharma Maxiblend Blender equipped with an 8-qt 
stainless steel V -shell. 

5 Table SA. Weight and Composition of Levodopa-Carbidopa Pellets, Sub-lot # 510-094 



Ingredients 


Weight % 


Weight (g) | 


Levodopa, USP 




300 | 


C arbi i p s mono.h ii.-u I 5P 

Milhxp <l . F\R <;CH4 \t) 


13.5 

1- 

25.0 


81 j 


li>d ox>pr ( fMet (Hl'< SSI ), NT 


5 5 


33 j 


Lactose jt'd . . 1 vS'I FLOSe 3 1 6). NI 


5.0 


30 1 

- - | 


Citric acid, anhydrous.. USP 


1.0 


6 1 


Total 


100.0 


600 "| 



Example 68 Production of Carhidopu Granules with Low Shear Granulation, Lot # 
511-101 

10 Carbidopa granules were prepared in accordance with the method described in 

Example 59. The weight and composition of granules are given in Table 6 A. Carbidopa was 
blended with inactive excipients for 5 ink The cmbidopa-excipients blend was then 
granulated by spraying purified water while mixing at low shear. The granulation was 
blended for an additional 5 rain and then dried in a Precision gravity oven at 50 °C for 41.5 

1 5 hours. The dried granules were screened and particles smaller than 0.85 mm were selected 
for future experimentation. 



Table 6 A, Weight and Composition of Carbidopa Grannies, Lot# 511401 
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Ingredients 


Weight % 


Weight (g) 


Carbldopa monohydrate, USP 


52.0 


104 


! f > 1 eel 0 f( OCEL®90M), 


23.5 


47 


Mamxitol (MANNOGEM.™ Powdered), USP 


13.5 


27 


Hydroxypropyleeilulose (HPC-SSL), NP 


5.0 


10 


Croscarmeliose sodium (AC~DLSOL#), NP 


S.O 


to 


Citric acid, anhydrous, USP 


1.0 




Total 


100.0 


200 



Example 69 Film coating of Levodopa Pellets with Bwculheshv Polymer, 

SPBER0MEK™ III, and HydtexypropyteeUulose (HPC-SSL), Lot #5U~ 
092 

5 One thousand grams of ievodopa pellets, lot # 510-095, were film-coated in a Fluid 

Air Model 5 fluid bed processor, equipped with a Wurster insert, in accordance with the 
method described in Example 54. The composition of coating solution is given in Table 7A. 
SPHEROMER™ IU and HydroxypropylcelMose (HPC-SSL) were dissolved in methanol 
and sprayed onto the flwdized pellets to obtain a 12% weight gain on pellets. 
10 Table 7A. Composition of SPHEROMER™ IiyHydroxypropylceliuJose (HPC-SSL) 
Coating Solution, Lot # 51 1-092 



Ingredients 


Weight % 


Weight (g) 


SPBEORQMER™ 111 


80.0 


120 


HydroxypropylcelMose <HPC SSL), NF 


zo.o 


30 


Methyl deohol M 




(3,000 raL) 


Total 


100.0 


150 



Metb 1 : hoi is removed during the ooatmg/dryuig; process 



Example 70 Film coating of Levodopa-Carbidopa Pellets with Bit/adhesive Polymer, 
SPHEJROMM&™ XII, Lot # 510-098 

15 One thousand grams of levodopa-earbidopa pellets, lot # 510-096, were fdra-coated 

in a Fluid Air Model 5 fluid bed processor, equipped with a Wurster insert, in accordance 
with the method described in Example 54. Hie composition of coating solution is given in 
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Table 8A. SPHEROMER™ III and Poloxamer 1 88 (Lutrol® F68) were dissolved in 
methanol and sprayed onto the fluidized pellets to obtain a 6% weight gain on pellets. 

Table 8A. Composition of SPHEROMER™ HI Coating Solution, Lot # 511-098 



Ingredients 


Weight % 


Weight (g) 


OROMER™ III 


94.7 


71 


Pol.'xamt s »1 ' 16v>, Vf 


5.3 




ilcoholNF 


* 


(1,500 mL) 


Total 


100.0 


.150 



* Methyl alcohol is removed during the coatfogttrymg process. 

Example 71 Preparation of Levodopa-Carhidopa 200 mg/50 mg Multiparticulate 
Capsules, lots # 510-999 & 510-100 

1 0 Levodopa pellets (lot # 5 1 0-095), SPHEROMER™ Hi-coated levodopa-carbidopa 

pellets (lot # 510-098), HPC-SSL' SPHEROMER™ W-coated ievodopa pellets (lot #511- 
092), and carbidopa granules (lot # 51 1-101) were encapsulated in 00-size hard gelatin 
capsules. Each capsule contained 200 mg Ievodopa and 50 mg carbidopa anhydrous. The 
composition of multiparticulates in each capsule formulation is given in Table 9 A. 



Table 9 A, Composition (mg) of Multiparticulate Capsule Formulations, Lot # 510-099 & 
510-100 



Components 


lot # 


510-099 


510-100 


Levodopa P ell et s 


510-095 


0 


80 


SPHEROMER Ill-coated Levodopa-Caibidops Pellets 


510-098 


340 


255 


HPC-S SL'SPHEROMER™ ffl-coated Levodopa 


511-092 




90 


Carbidopa Granules 


511-101 


20 


40 


Total (mg per capsule) 




440 





Example 72 In vitro Dissolution and In vivo Pharmacokinetic Performance of 
20 Levodopa-Carbidopa 200 mg/50 mg Muiupmiicutaie Capsules, Lot # 510- 
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The wi vitro dissolution profile of levodopa-carbidopa capsules (Lot #510-099), 
containing 50 nig carbidopa and 200 nig ievodopa was obtained under simulated gastric 
conditions. The dissolution tests were perforated in 900 mL of 0.1 N HC1 ■• pH 1.2 solution 
5 in a USP II apparatus at a temperature of 37 °C. The paddle speed was set at 50 rpra. 
Samples of dissolution media were collected at predeteraiined intervals and analyzed by 
H.PLC. The dissolution profiles of Ievodopa and carbidopa obtained from HPLC analysis 
are shown in Figure 75. 

The in vivo performance of levodopa-carbidopa capsules was evaluated in beagle 
1 0 dogs. The capsules were administered to separate cohorts of six beagle dogs in the fed and 
the fasted states , Plasma levels of ievodopa and carbidopa were measured using LC/MS/MS 
analysis. Figures 76 and 77 show the plasma concentration profiles of ievodopa and 
. carbidopa in die fed and fasted states, respectively. The pharmacokinetic data Including the 
area under the plasma Ievodopa vs. time curve {AUC), maximum concentration (CW) and 
15 time required to achieve C, tmx (T max ) are provided in Table .1 OA. 

It is apparent that, compared to the in vivo pharmacokinetic performance of 
SINEMET* CR 50-200 Tablets in similarly fed beagle dogs, the AUC of the subject 
foraiulation is more than 3 times thai of the SINBMBT* CR 50-200 Tablets, while the t\ m 
is about the same. Furthermore, the T nm of fee subject formulation is more than twice that 
20 of fee SINEMET® CR 50-200 Tablets (e.g., 4.3 hrs compared to 2 hrs). 

The results are even more pronounced in similarly fasted beagle dogs. 

Table 10A. Pharmacokinetic Data for levodopa-carbidopa capsules, Lot # 510-099, in Fed 
and Fasted Beagle Dogs; the area under the plasma ievodopa vs. ante curve (AUC), 
25 maxi mum concentration (CW), and time required to achieve C miK (T m;sx ) 





AUC 






Fasting Period 


(ng/ml-hr) 


(ug/ml) 




Fed State 


12*581 


1,705 


4.3 


Fasted State 


4,678 


2,743 


I 



Example 73 In vitro Dissolution and In vivo Pharmacokinetic Performance of 

Levodopa-Carbidopa 200 mg/SO mg Multiparticulate Capsules, Lot #510- 
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The m vitro dissolution profile of levodopa-carbidopa capsules (Lot # 51 0-1 00), 
containing 50 mg carbidopa and 200 mg Levodopa was obtained under simulated gastric 
conditions. The dissolution tests were performed in 900 taL of 0. IN HC1 ~ pH 1 2 solution 

5 hi a USP II apparatus at a temperature of 37 °C. The paddle speed was set at 50 rpm. 
Samples of dissolution media were collected at predetermined intervals and analyzed by 
HPLC. The dissolu-tion profiles oflevodopa and carbidopa obtained from HPLC analysis 
are shown in Figure 78, 

The in vivo performance of levodopa-carbidopa capsules was evaluated hi beagle 

1 0 dogs, The capsules were administered to separate cohorts of six beagle dogs in the fed and 
the fasted states. Plasma levels of levodopa and carbidopa were measured using LC/MS/MS 
analysis. Figures 79 and 80 show the plasma concentration profiles of levodopa and 
carbidopa in the fed and fasted states, respectively. The pharmacokinetic data including the 
area under the plasma levodopa vs. tune curve (AUG), maximum concentration (Co**) and 

1 5 time required to achieve Cm* (i'mm) are provided in Table 1 1 A. 

Under this formulation, it is apparent that, compared to the in vivo phaimacoMnetic 
performance of S1NEMET® CR 50-200 Tablets in similarly ted beagle dogs, the AUC of 
the subject formulation is more than 4 times that of the SINEMET* CR 50-200 Tablets, 
while the C ma * is about 50% higher. Furthermore, the T«« of the subject formulation is 

20 about 2.5 times that of the SINEMET® CR 50-200 Tablets (e.g. , 5 hrs compared to 2 hrs). 
The results are even more pronounced in similarly fasted beagle dogs. 

Table 11A. Pharmacokinetic Data for levodopa-carbidopa capsules, Lot # 510-1 00, in Fed 
and Fasted Beagle Dogs; the area under the plasma levodopa vs. time curve (AUC), 
25 maximum concentration (Cu*), and time required to achieve CW (1V.x} 





AUC 




T max 


Fasting Period 


(ng/mljir) 


(«g/ttd) 




Fed 


16,811 


2,518 


5 


Fasted 


5,872 


2,113 


1.2 



Example 74 Production and In vitro JHssabaUm ofLevodopa-Carbidopa (4:1) Pellets, 
Sub-lots # 602-042 & 602-043 
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Two identical sub-lots of levodopa-carbidopa pellets (sub-lots # 602-042 and 602- 
043 } were prepared in accordance with the method described in Example 5 1 . The weight 
and composition of pellets of the sub-lot # 602-042 are given in Table 12 A . Levodopa and 
earbidopa were blended with inactive exeipients for 15 min. The levodopa-carbidopa- 
5 exeipients blend was then granulated by spraying a 1 % (w/v) aqueous solution of 

polyethylene oxide (Polyox™ WSR M10) while mixing at low shear. The granulation was 
blended for an additional 5 min and then extruded through a 1.5 nun screen of a Caleva 
extruder, model 25, operating at lOrpm. The extrudate was sphstomzed in a Caleva 
spheranize model 250, operating at 1000 rpin for 5 min tlie spa <=< ell ets were 
1 0 dried in a Vector MFL.0 1 Micro Batch Fluid Bed System ai 50 a C for 1 90 min . The dried 
pellets were screened and particles with diameters ranging from 1 mm to 2 mm were 
selected for future experimentation. 

Table 12A. Weight and Composition of Levodopa-Carhidopa Pellets, Sub-lot # 602-042 

15 



Ingredients 


Weight % 


Weight (g) 


Levodopa, USP 


59.11 


90.00 


Carbidopa monohydt-ate, USP 


15.95 


24.29 


Microerystalline cellulose (EMCOCBL® 90 M) } NF 


14,78 


22.50 


L-Glutaraic acid, FCC 


9.75 


14.85 


Polyethylene oxide (POLYOX™ WSR N10), NF 


0.31 


0.47 


Butyiated hydroxytoiuene (BHH. NF 


0.10 


0.15 


Total 


100.00 


1.52.26 



Aliquots of screened pellets, lot # 602-043, were encapsulated in QO-sbe hard 
gelatin capsules. The in vitro dissolution profile of levodopa-carbidopa capsules, containing 
200 mg levodopa and 50 mg carbidopa aahydions was obtained under simulated gastric 
20 conditions. The dissolution test was performed in900mL of 0.1 NHCI-pH 1 .2 solution in 
a USP II apparatus at a temperature of 37 °C. The paddle speed was set at 50 rpm. Samples 
of dissolution medium were collected at predetermined intervals and analyzed by online UV 
spectrophotometry. The combined dissolution profile of levodopa-carbidopa obtained from 
UV analysis is shown in Figure 81. 
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Example 75 Production and In vitro Dissolution ofSPHEROMER™ 1U/EUDRA GIT® 
MS 200-coatedLevodopa-Carbidopa Pellets, Lot § 603-139 

Fifty grams of levodopa-carbidopa pellets, a blend of sub 1 . ■ 1 >42 and 602- 
043, were film-coated in a Vector MFL.01 Micro Batch Fluid Bed System, equipped with a. 
5 Wurster insert i 1 < described in Example 54. The screened 

pellets of the two sub-lots were blended in the fluid bed system by fiuidization prior to film- 
coating. The composition of coating solution is given in Table 13A. SPHBROMER™ III. 
EIJDRAGIT® RS 1 00, and anhydrous citric acid were dissolved in methanol and sprayed 
onto the fluidized pellets to obtain a 12% weight gain on pellets. 

10 

Table 13A. Composition of SPHEROMER™ HKEUDRAGIT® RS 100 Coating Solution, 
Lot #603-139 



Ingredients 


Weight % 


Weight (g) 


Spheoromer™ III 


85 




EUDRAGFTDRS 100 


10 


0.6 


Anhydrous citric acid, USP 


5 


0.3 


Methyl alcohol NF 


* 


£150 mL) 


Total 


100.0 


6.0 



* Methyl alcohol, is removed during the coabng/drying process. 



15 

Ahquots of coated pellets were encapsulated in 00-size bard gelatin capsules. 

The in vitro dissolution profile of levodopa-carbidopa capsules, containing 500 mg 
levodopa and 50 rag ca udo anhydrous v as obtained under simulated gastric conditions. 
The dissolution test was performed in 900 mL of either of O.lti HC1 - pH 1 .2 or phosphate 
20 buffer saline (PBS) - pH 4.5 solutions in a USP II apparatus at a temperature of 3? °C The 
paddle speed was set at 50 rpm. Samples of dissolution medium were collected at 
predetermined intervals and analyzed by online UV spectrophotometry. The combined 
dissolution profiles of levodopa-carbidopa obtained horn UV analysis are shown in Figure 
82. 

25 Example 76 Production and In viti'tf Dissolution of Immediate Release Levodopa- 
Carbldopa (4:1) Pellets, Lot # 603-069 
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hm lial lease levodopa-carbidopa pellets (4:1) were prepared in accordance 
with the method described in Example 51 . The weight and composition of pellets are given 
in Table 14A. Levodopa and carbidopa were blended with inactive excipients for 15 mm. 
The levodopa-cattidopa-exeipiejits blend was then granulated by spraying purified water 

5 while mixing at low shear. The granulation was blended for an additional 5 mm and then 
extruded through a 1 .0 mm screen of a Caleva extruder, model 25, operating at 10 rpm. The 
extradate was spheronized in a Caleva spheronizer. model 250.. operating at 1 000 rpm for 5 
mill, f ho s ■ lets were dried hi a 'Vector MFL.01 Micro Batch Fluid Bed System 

at 50 °C for 120 rain. The dried pellets were screened and particles with, diameters ranging 

10 from 0.7 mm to 1.4 mm were selected for future experimentation. 



Table HA. Wugh \ < tositiou of Immediate Release Le> di ( uhic'iopa Pellets, 
Lot #603-069 



Ingredients 


Weight % 




Levodopa, USP 


49.44 


75.00 


Carbklopa monohydrate, USP 


13.49 


20.46 


Mierocrystalline cellulose (EMCOCEL® 90 M), NF 


14.83 


22.50 


Croscaxraeliose sodium (AC-DI-SOL®), NF 


9.88 


15.00 


Anhydrous citric acid, USP 


7.91 


12.00 


Po vcthvkne ovi.i iP« >L\ 0\™ \\ N > 0 ), \T 


4 35 


6,60 


Butylated hydrexytolnene (BHT), NF 


0.10 


0.15 


Total 


100.00 


151.71 



AKquots of screened pellets were encapsulated in 00-size hard gelatin capsules. 
The in vitro dissolution profile of levodopa-carbidopa capsule?, containing 200 mg 
levodopa and 50 mg carbidopa- anhydrous was obtained under simulated gastric conditions, 
The dissolution test was performed in 900 ml, of 0.1 N HCI - pH 1 .2 solution in a USP 11 
20 apparatus at a temperature of 37 °C. The paddle speed was set at 50 rpm. Samples of 

dissolution medium were collected at predetermined intervals and analyzed by online UV 
spectrophotometry, The combined dissolution profile of levodopa-carbidopa obtained from 
UV analysis is shown in Figure 83. 
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Example 77 Production and In vitro Dissolution of Immediate Release Levodopa." 
CarbUlopa (10:1) Pellets, Lot # 602-033 

Immediate release levodopa-carbidopa pellets (10; 1) were prepared in accordance 
with the metho d describe d in Example 51. The weight and composition of pellets are given 
5 in Table ISA. Levodopa and carbidopa were blended with inactive excipients for 15 tain, 
i l i > f 'i* jstl led > irified watei 

while mixing at low shear. The granulation was blended for an additional 5 min and then 
extruded through a 1.5 mm screen of a Caleva extruder, model 25, operating at 10 rpm. Hie 
extrudate was spheromzed in a Caleva spherosdzer, model 250, operating at 1 000 rpm for 5 
1 0 min. The spheromzed pellets were dried in a Vector MFL.01 Micro Batch Fluid Bed System 
at 50 °C for 60 min. The dried pellets were screened and particles with diameters ranging 
from 1.0 mm to 2.0 mm were selected for future experimentation. 

Table ISA. Weight and Composition of immediate Release Levodopa-Carbidopa Pellets, 
15 Lot# 602-033 



Ingredients 


Weight % 


Weight (g) 


Levodopa, USP 


54.73 


S2.50 


Carbidopa roonohydrate, USP 


5.97 


9 0 


Macrocrystalline cellulose (BMCOCEI^J 90 M), 


14 92 


22.50 


L-Glnt.amic acid, FCC 


9.95 


15 00 


Croscamiellose sodium (AC-D1-SOL®), NF 


9.95 


15.00 


Polyethylene oxide (PGLYOX™ WSR N10), NF 


4.38 


6.60 


Rulvlatod hydro* ytolneue (RHT), NF 


0.10 


0.15 


Total 


100.00 


150.75 



Aliquots of screened pellets were encapsulated in 000-size hard gelatin capsules. 
1 h • i ilro ths sol i rflev odopa-carbidopa capsules, containing 200 rag 

levodopa and 50 rag carbidopa anhydrous was obtained under simulated gastric conditions. 
20 The dissolution test was performed in 900 mL of 0.1 N HCi - pH 1 .2 solution in a USP II 
apparatus at a temperature of 37 °C, The paddle speed was set at 50 rpm. Samples of 
dissolution medium were collected at p-edetermmed intervals and analyzed by online UV 
spectrophotometry. The combined dissolution profile of levodopa-carbidopa obtained from 
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UV analysis is shown in Figure 84. 

Example 7S Production and m vitro Dissolution of Levodopa Pellets Prepared with 
GmnuUttfon-Extrusion-Spheronization and Low Concentration of 
MkrocrystaUine Cellulose, Lot # 510-048 

5 Levodopa >ellei we prepared in accordance with the rnethoc lesci >ed h 

Example 5 1 . The weight and composition of pellets are given in Table 1 6 A. Levodopa was 
blended with inactive exeipients for 5 rain. The lewdopa-excipients blend was then 
grat alated In spraying purified water while mixing at low shear. The granulation was 
extruded through a 1.5 mm screen of a Caleva extruder, model 25, operating at 1 5 rpm. The 
10 extra iU 1 eronj ed in a Caleva spheronizer node! 250 op og at 1000 rpm for 5 
rain. The spheronized pellets were dried in a Precision oven at 50 °C overnight. The dried 
pellets were screened and particles with diameters ranging from 1.0 mm to 2.0 mm were 
selected for future experimentation. 

1 5 Table 16A. Weight and Composition of Levodopa Pellets.. Lot # 5 1 0-048 



Ingredients 


Weight % 


Weight (g) 


MsnmtoJ (MANNOGEM™ Powdered), USP 


59.0 


118 


Levodopa, USP 


30.0 


60 


Macrocrystalline cellulose (EMCOCEL® 90 M), NF 


1 0.0 


20 


Anhydrous citric acid, USP 


1.0 


2 


Total 


100 0 


200 



Aliquots of screened pellets were encapsulated in 000-size hard gelatin capsules. 
The in vitro dissolution profile of levodopa capsules, containing 200 mg levodopa was 
20 obtained under simulated gastric conditions. The dissolution test was performed in 900 mL 
of 0. IN HC1 - pH 1 .2 solution in a USP II apparatus at a temperature of 3? °C. The paddle 
speed was set at 50 rpm. Samples of dissolution medium were collected at predetermined 
intervals and analyzed by online UV spectrophotometry. The dissolution profile of levodopa 
obtained from UV analysis is shown in Figure 85. 

25 Example 79 Production and in vitro Dissolution of Levodopa Pellets Prepared with 
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Granuk4thm*Extmsioti~Sphemnization and Spheromer™ TIL Lot # 5/ 7- 
045 

Levodopa pellets were prepared in accordance with t' ■ m hoc described in 
Example 51 . The weight and composition of pellets are given in Table 17A. Levodopa was 
5 blended with inactive exeipients for 5 mm The levodopa-excipients blend was then 
granulated b\ sprayin pu itle< wate wiule mixing at low shear. The granulation was 
extruded through a 1.5 mm screen of a Caleva extruder, model 25, operating at 15 rpm. Hie 
extrvtdatev t > i zed in a ( ileva sp'heroni e.t model 250, operating at 1 250 rpm for 5 
min. The spheronized pellets were dried in a Precision oven at 50 :> C overnight. The dried 
1.0 pellets were screened and particles with diameters ranging from 1 .0 mm to 2.0 mm were 
selected for future experimentation. 



Table 17 A, Weight and Composition of Levodopa Pellets, Lot # 51 1-045 



Ingredients 


Weight % 


Weight (g) 


Levodopa, USP 


40 0 


60.0 


SPHEROMER.™ IB 


30.0 


45.0 


Microcrystallme cellulose (EMCOCEL® 90 M) f NF 


2S.0 


42.0 


Anhydrous citric acid, USP 


2.0 


3.0 


Total 


100.0 


150.0 



15 

Aliquots of screened pellets were encapsulated in 00-size hard gelatin capsules. 
• The in vitro dissolution profile of ievodopa capsules, containing 200 mg ievodopa 
was obtained under simulated gastric conditions. The dissolution test was performed in 900 
mL ofO.lN Ha - pH 1.2 solution in a USP II apparatus at a temperature, of 37 °C. The 
20 paddle speed was set at 50 rpm, Sampl es of dissolution medium were collected at 

predetermined intervals and analyzed by online UV spectrophotometry. The dissolution 
profile of levodo] ; rwn in Figure 86. 

Example 80 Production and in vitro Dissolution of Levodopa Pellets Prepared with 
GraMdMimi-Exmidon-Spheromzation and Spheromer™ III, Lot # 512- 
25 085 

Levodopa pel ! . w . j c prepared In accordance with the method described in 
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Example 5 1 . The weight and composition of pellets are given in Table 1 8 A . Levodopa was 
blended with inactive excipients for 5 min. The levodopa-excipients blend was then 
granulated by spraying a 5% (w/v) calcium chloride solution in water while mixing at low 
shear. About two -third of the granulation was extruded through a 1 .5 mm screen of a Caleva 
5 extruder, model 25, operating at i 5 rpm. The remaining part of die granulation was extruded 
through a 2.0 mm screen. The extradate was spheronized in a Caleva spheronizer, model 
250, operating at 1 250 rpm for 5 min. The spheronized pellets were dried in a Precision 
oven at 50 *C overnight. The dried pellets were screened and particles with diameters 
ranging from 1 .0 nun to 2.0 mm were selected for future experimentation. 

10 

Table ISA. Weight and Composition of Levodopa Pellets, Lot # 512-085 



Ingredients 


Weight % 


Weight (g) 


Levodopa, USP 


38.86 


60.0 


SPHEROMER™ 111 


29.15 


45.0 


Macrocrystalline cellulose (EMCOCEL® 90 M), 


27.20 


42.0 


Calcium chloride, anhydr u F< X 


2.85 


4,4 


Anhydrous Citric Acid, USP 


1 94 


3.0 


Total 


100.00 


154.4 



\1 [u tsol creeued \ icaj ed in 00 i eh rd gelatin capsules, 

15 lie/:' di olution profile of k odopa cap dt coni 1 1 ng levodopa 

was obtained under simulated gastric conditions. The dissolution test was performed in 900 
inL ofO.lN HC1 - pH 1.2 solution in a USP II apparatus at a temperature of 37 °C. The 
paddle speed was set at 50 rpm. Samples of dissolution medium were collected at 
predetermined intervals and analyzed by online UV spectrophotometry, 'lite dissolution 
20 profile of levodopa obtained from UV analysis is shown in Figure 87. 

Example 81 Production and in vitro Dissolution of Levodopa Pellets Prepared with 

Grunukitwn'Eximsion-Splieronization and Glyceryl Monostettrate, lot # 
601-902 

Levodopa pellets were prepared in accordance with the method described in 
25 Example 5 1 . The weight and composition of pellets are gi ven in Table 1 9A. Levodopa was 

-233 - 



WO 2007/0025 .1* 



PCT/t!S2(H»f»/«.24<563 



Wended wife inactive exeipients fox" 5 tain. The levodopa-excipients blend was then 

ec water while mixing at: low shear. The granulation was 
extruded through a 1 .0 mm screen of a Caleva extruder, model 25, operating at 15 rpm, The 
extrudate was spheronized in a Caleva spherontzer, model 250, operating at 1 000 rpm for 
5 2.5 min, 1 250 rpm for I .5 nun, and 1450 rpm for 1 mm. The spheronized pellets were dried 
in a Precision oven at 50 0 C overnight The dried pellets were screened and particles with 
diameters rangi ng from TO mm to 2.0 mm were selected for future experimentation. 

Table 19A. Weight and Composition of Levodopa Pellets, Lot # 601 -002 

10 



Ingredients 


Weight % 


Weight {g) 


Levodopa, USP 


50.0 


75 0 


Glyceryl monostearate, Powder, Food Grade 


40.0 


60.0 


Anhydrous citric acid, USP 


10.0 


15.0 


Total 


100.0 


150.0 



Aliquots of screened pellets were encapsulated in 00-ssze hard gelatin capsules. 
The in vitro dissolution profile of levodopa capsules, containing 200 mg levodopa was 
obtained i i n 900 ml 

15 of 0. 1 N HC! - pH 1 .2 solution in a USP II apparatus at a temperature of 3 7 e C. The paddle 
speed was set at 50 rpm. Samples of dissolution medium were collected at predetermined 
intervals and analyzed by online UV spectrophotometry, 'fixe dissolution profile of levodopa 
obtained from UV analysis is shown in Figure 88. 

Example 82 Production and in vitro Dissolution of Immediate Release Carbidopa 
20 Pellets, Lot » 601-012 

Immediate release carbidopa pellets were prepared in accordance with the method 
I ihed in E> ample 51. The weight and composition of pellets are given in Table 20A. 
Carbidopa was blended with inactive exeipients for 10 min. The carbidopa-excipienis blend 
was then granulated by spraying absolute ethanol while mixing at low shear. The 
25 granulation was blended for an additional 5 min and then extruded through a 1.5 mm screen 
of a Caleva extruder, model 25, operating at 15 rpm. The extrudate was spheronized in a 
Caleva spheronizer, model 250. operating at 1000 rpm for 5 min. The spheronized pellets 
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\s ei e dried in ' >ven at 50°C for 60 min. The dried pellets were screened and 

particles with diameters ranging from 1.0 mm to 2.0 mm were selected for future 
experimentation, 

5 Table 20A. Weight and Composition of Immediate Release Carbidopa Pellets, Lot #601- 
012 



Ingredients 


Weight % 


Weight (g) 


Carbidopa monohydrate, USP 


51.92 


81.00 


Mruu ii > il M< <XIL M lM) \F 


'..5:2: 


30.00 


Anhydrous citric acid, USP 


19^3 


30,00 


Crosearmellose sodium (AC-DI-SOL*), NP 


5.77 


9.00 


HydroxypiopylceUulose (lslXIC.fr if EXF Pharm), NF 


2.89 


4.50 


Ethyleuediamine tetracetic acid 


0.48 


0.75 


Sodium, meta-bisulfrte 


0.48 


0.75 


Total 


100.00 


156.00 



Aliquots of scre< vere encapsulated m 00-size hard gel in cap .:«•• 

1 0 The in vitro dissolution profile of carbidopa capsules, containing 200 mg carbidopa 

anhydrmis was obtained under simulated gastric conditions. The dissolution test was 
performed in 900 mL of 0.1N HC1 - pH 1 .2 solution in a USP H apparatus at a temperature 
of 37 °C. The paddle speed was set at 50 rpra, Samples of dissolution medium were 
collected at predetermined intervals and analyzed by online U'V spectrophotometry. The 
1 5 dissolution profile of carbidopa obtained from UV analysis is shown in Figure 89. 

Example 83 Production and in vitro Dissolution of Levodopa Pellets Prepared with 
Grmiulation-Exti'usion-S'pheronizatwn and Low Concentration of 
Micr&crystallme Cellulose, Lot #602-901 

Levodopa pellets were prepared in accordance with the method described in 
20 Example 51 . The weight and composition of pellets are given in Table 21 A. Levodopa was 
blended with inactive excipients tor 10 min. The levodopa-excipients blend was then 
granulated by spraying purified water while mixing at low shear. The granulation was 
extruded through a 1.5 mm screen of a Caleva extruder, model 25, operating at 10 rpm. The 
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extrudate was spheronized in a Caleva spheromzer, model 250, operating at 1 000 rpra for 5 
mm. The spheronized pellets were dried in a Vector MFL.01 Micro Batch Fluid Bed System 
at 50 °C for 60 min. The dried pellets were screened and particles with diameters ranging 
from 1 .0 mm to 2.0 mm were selected for future experimentation. 

5 

Table 21 A. Weight and Composition of Levodopa Pellets, Lot # 602-00! 



ingredients 


Weight % 


Weight (g) 


Levodopa, USP 


78.95 


1.20.0 


L-Glutamic acid hydrochloride, FCC 


9.87 


15.0 


v'm - ,u , Jinl 1 \hO< t i »i)M) M 


6.25 


9.5 


Hydroxypxopyiceuulose (L-HPC LH-3 1 ) 


4.93 


15 


Total 


100.0 


152.0 



AUquois of screened pellets were encapsulated in 00-size hard gelatin capsules. 

10 The in vitro dissolution profile of levodopa capsules, containing 200 mg levodopa 

was obtained under simulated gastric conditions. The dissolution test was performed in 900 
rn.L of (UN HC1 - pH 1 .2 solution in a USP E apparatus at a temperature of 37 °C. The 
paddle speed was set at 50 rpm. Samples of dissolution medium, were collected at 
predetermined intervals and analyzed by online UV spectrophotometry. The dissolution 

15 profile of levodopa obtained from UV analysis is shown in figure 90. 

Example 84 Production and in vitro Dissolution oj Immediate Release Levodopa Pellets 
Prepared with Graniilaiion-Bxtrusion-Spheronizaiion and I ow 
Concentration of Macrocrystalline Cellulose, Lot # 602-024 

Levodopa pellets were prepared in accordance with the method described in 
20 Example 5 1 . The weight and composition of pellets are given in Table 22 A. Levodopa was 
bi ended with inactive excipients tor 10 mm. The lcvodopa-cxcipients blend was then 
ed by si < purified vaier while m mg a lo\* sheiu t he ranu itiot was 
extruded through a 1,5 mm screen of a Caleva extruder, mode! 25, operating at 10 rpm. The 
extrudate was spheronized in a Caleva spheronker, model 250, operating at 1000 rpm for 5 
25 min. The spheronized pellets were dried in a Vector MFL.01 Micro Batch Fluid Bed System 
at 50 °C for 150 min. The dried pellets were screened and particles with diameters ranging 
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Table 22A. Weight u Coi position of Levodopa Pellets, Lot # 602-024 



Ingredients 


Weight % 


Weight (0 


Levodopa, USP 


54.28 


82,5 


Co-processed Starch (STARCAP .1500'") * 


24,67 


37.5 


\] , . s t ] « , , , , l i V )H\1) \| 


11.18 


17.0 


L-Glutamio acid hydrochloride, FCC 


9.87 


15,0 


Total 


100.0 


152.0 
. 



5 

* STARCAP 1500 ,M is a co-processed mixture of com starch, and pregelatinized 

starch. 

Aliquois of screened pellets were encapsulated in 00-size hard gelatin capsules. 

1 0 The in vitro dissolution profile of levodopa capsules, containing 200 mg levodopa 

was obtained under simulat s tic co ditions. The dissolution test was performed in 900 
mL of 0. IN HC1 - pH L2 solution in a USP IT apparatus at a temperature of 37 °C. The 
paddle speed was set at 50 rpm. Samples of dissoliuion medium were collected at 
predetermined intervals and analyzed by online UV spectrophotometry. The dissolution 

1 5 profile of levodopa obtained torn U V analysis is shown in Figure 9 1 . 

Example 85 Production and in vitro Dissolution of Immediate Release Levodopa Pellets 
Prepared with Granulation-Extrusion-Spheronkatwn and Co-processed 
Starch, Lot # 602-028 

Levodopa pellets were prepared in accordance with the method described in 
20 Example 5 1 , The weight and composition of pellets are given in Table 23 A. Levodopa was 
blended with inactive excrpients for 10 mm. The levodopa-excipients blend was then 
granulated by spraying purified water while mixing at low shear. The granulation was 
extruded through a 1 .5 nun screen of a Caleva extruder, model 25, operating at 10 rpm. The 
extrudate was spheronized in a Caleva spheronizer, model 250, operating at 1000 rpm for 5 
25 rain. The spherooked pellets were dried in a Vector MFL.01 Micro Batch Fluid Bed System 
at 50°C for 95 min. The dried pellets were screened and particles with diameters ranging 
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from 1 .0 mm to 2.0 nun were selected for future experimentation. 



Table 23A. Weight and Composition of Levodopa Pellets, Lot # 602-024 



Ingredients 


Weight % 




Levodopa, USP 


53.22 


82.5 


Co-processed Starch (STARCAP 1500™) 


37.10 


57.5 


L-Ghnrunie acid hydrochloride, FCC 


9,68 


15.0 


Total 


100.0 


155. 



5 

* STARCAP 1500™ is a co-processed mixture of com starch and pregeiatinized 

starch. 

Aliquofs of screened pellets were encapsulated in 00-size hard gelatin capsules. 

10 The in vitro dissolution profile of levodopa capsules, containing 200 mg levodopa 

was obtained under simulated gastric conditions. The dissolution test was performed in 900 
raL of 0. IN HQ - pH 1.2 solution in a USP II apparatus at a temperature of 37 °C. The 
paddle speed was set at 50 rpm. Samples of dissolution medium were collected at 
predetermined intervals and analyzed by online UV spectrophotometry. The dissolution 

1 5 profile of levodopa obtained from UV analysis is shown in Figure 92. 

Example 86 Preparation of Pramipexole Extended-Release. Pellet F mmulatum, Lot # 

m-m 

An extended-release pellet formnlation of pramipexole was prepared to be combined 
Witfa an immediate- and controlled-release multiparticulate formulation of levodopa- 
20 carbidopa. Pramipexole was initially layered on placebo core pellets (1.1- 1,4 mm dia.) with 
OPADRY* Clear as a binder using a Vector MFL.01 Micro Batch Fluid Bed System, 
equipped with a Wurster insert 

The placebo core pellets were prepared using low-shear granulation, extrusion, and 
spheromzatkm technique. Table 24A provides the weight and composition of placebo core 
25 pellets. 

Table 24 A. Weight and Composition of Placebo Core Pellets 
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ingredients 


Weight (%) 


Weight (g) 


Microcrystaitme Cellulose (Emeocd* 90M% NF 


30,0 


60.0 


Mannitol (Marmogem TM Powdered), USP 


65.0 


130.0 


Hydrbxypropylcellulose (HPC-SSL), NF 


5.0 


10.0 


Purified Water, USP 




* 


Total 


100.0 


200 0 



* Evaporate* r ng process. 



5 The placebo pellets were dried in an oven at 50 °C to achieve a desired moisture 

level of 1% (w/w). These pellets were then screened through size 10, 12, 14. 16 mid 1 8 
mesh sieves and the particles retained on screen size 14 and 16 were used for subsequent, 
pramipexole layering process. 

Pramipexole layered pellets were subsequently coated in the Vector MFL.O I Micro 
10 Batch Fluid Bed System, equipped with a Wurster insert, with a release rate-controlling 
polymer composition containing ethylcelMose to achieve a weight gain of 8,3% (w/w), and 
then coated with bioadhesive SPP1BROMER™ III polymer to a weight gain of 5.3% (w/w). 

The unit dose composition of a pramipexole 0.375 rag extended-release pellet 
formulation is given in Table 25A. 

15 

Table 25A. Unit Dose Composition of Pramipexole 0.375 mg Extended-Release Pellet 
Form illation 



Components 


Weight (%) 


Weight (mg) 


Pramipexole Dihydrocbloride Monohydrate, U SP 


0.33 


0.375 


vlam {o (MANNOGEM M Powdered) I SP 


53.44 


60.93 


Microcrystallme Cellulose (EMCOCEL* 90M), NF 


24.67 


2813 


Ethyiceiiulose {'ETHOCHL™ Sid 10 FP Premium), NF 


7.26 


8.28 


OPADRY* Clear (YS- M9025-A) 


4.94 


5.63 
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SPHEROMER™ III 


4.7S 


5.45 


Hydroxypropyl Cellulose (HPC-SSL), NF 


4.11 


4.69 


Poloxamei 188 (LUTROL® F 68), NF 


0.25 


0.29 


Dibutyl Sebacate, NF 


0,22 


0,25 


Total 


100.00 


114.025 



The bioadhesive pramipexole pellets may be optionally top-coated with bioadhesive 
SPHEROMER™ I polymer, a hyprolmeUose polymer, a hydroxypropylcelMose polymer, or 
a polyvinyl alcohol polymer to a weight gain of 2-5% (w/w). 

5 Example 87 Preparation of Combined Pramipexote 03 75 mg Extended-Release Pellets 
and Levodopa-Carbidopa 200 mg/50 mg Immediate/Controlted-Release 
Multiparticulates as a Delayed- Release Capsule Formulation 

Pramipexote extended-release pellets, lot # 601-048 (from Example 86), containing 
0.375 mg pramipexote, and ievodopa-carbidopa immediat&'controlled-retease 

1 0 multiparticulates, lot # 5 10-099 (from Example 71), containing 200 mg levodopa and 50 mg 
earbidopa, were co-encapsulated in two-piece hard gelatin capsules. These capsules were 
sealed at the junction of cap and body using an aqueous gelatin solution and then coated 
wife 1.6% (w/w) OPADRY® Clear (YS-14902S-A). The Opadiy-coated capsules were top- 
coated with an enteric coating composition, ACRYL-EZE™ White, in a paa coater (O'Ham 

2 5 Technologies Labcoat System). The capsules were sprayed with a 1 0% (w/v) solution of 
ACRYL-EZE™ Wliite m ethanol and water mixture (90:10 v/v) so as to achieve a final 
m 1 1 gain ol 5-12% (w/w). 

The bioadhesive pramipexote and Ievodopa-carbidopa pellets may be optionally top- 
coated with bioadhesive SPHEROMER™ I polymer, a hyprolmeUose polymer, a hydroxy- 

20 pro i pol me ot t polyvinyl dcoholpol ma < i eight gnu oi 5 a (\\ v ) 

Example 88 Preparation of Pramipexole 0375 mg JOelayed/Extended-Release Capsule 
Formulation, Lot # 601-056 

Pramipexole extended-release pellets, lot # 601-048 (from Example 86). containing 
0.375 mg pramipexote were encapsulated in a size 2 hard shell gelatin capsule. These 
25 capsules were sealed at the junction of cap and body using an aqueous gelatin solution and 
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abated with 1,6 % OPADRY® Clear (YS-1-19025-A). The OPADRY-ooatcd capsules were 
then coated with an enteric coating composition ? ACRYL-EZE"' White, in a pan coater 
(O'Hara Technologies Labcoat System). The capsules were sprayed with a 10% (w/v) 
solution of ACRYL-EZE™ White in eihanol and water mixture (90:10 v/v) so as to achieve 
5 t final we t gam of 5-1 2< (v\ w) 

The unit dose composition of a pramipexole 0375 tag delayed/extended-release 
capsule formulation is given in Table 26A. 

Table 26A. Unit Dose Composition of Pramipexole 0.375 nigDelayed'Extended-Release 
10 Capsule Formulation 



Components 


Weight (%) 


Weight (mg) 


Pramipexole Dihydrochloride Monohydrate, U8P 


0J3 


0.375 


Mamiitol (MANNOGEM™ Powdered), USP 


21.45 


. 60.93 


Macrocrystalline Cellulose (EMCOCEL® 90M), NF 


9.90 


28.13 


\< \\\ , 4 /I ' White (9301 S509) 


8.14 


2312 


OPADRY® Clear (YS-I-19025-A) 


3 13 


8.90 


EthylceUalose (ETHOCEL™ Std 10 FP Premium), NF 


2 91 


8.28 


SPHEROMER* HI 


1.81 


5.14 


Hydroxvprapvi Celulose (HPC -SSI,J ; NF 


1 65 


4.69 


Poloxamer 1 88 (LUTROL* F 68), NF 


0,10 


0.27 


Dibutyl Sebacate,NP 


0.09 


0 25 


Gelatin Capsule, Size 2 


50.69 


144.00 


Total 


100,00 


284.085 



Example 89 Preparation of Combined Pramipexole 037$ mg Belayed/Extended- 
Release Pellets and Levodopa-CarMdopa 200 mg/50 mg 
1 5 Imm ediate/Controlled-Release Multiparticulates as a Capsule Formulation 

Pramipexole delayed/extended-release pellets, lot # 601-056 (from Example 8B} ; 
containing 0,375 mg pramipexole, and levodopa-carbidopa hmnediate-controiled-release 

-241 - 



WO 2007/0025 .1* 



multiparticulates, lot # 510-099 (from Example 71), containing 200 - 1 - 1 and 50 mg 
carbidopa, were co-encapsulated m two-piece hard gelatin capsules. 

The bioadhesive pramipexole and levodopa-carbidop , i pi tonally top- 

coated with bioadhesive SPHBROMER™ I polymer, a hypi h lose xdymer a hydroxy- 
propylce ult ^> mei orap h< inyl alcohol polymer o a weight rain of 2-5? (v w) 

A multiparticulate capsule formulation of levodopa-carhidopa 200 mg/50 mg 
comprising carbidopa granules, levodopa pellets, and bioadhesive SPHEROMER™ IV- 
coated levodopa-carhidopa pellets was prepared, and its in vivo pharmacokinetic 
performance was compared with that of a marketed controlled-release formulation, 
SiNEMET* CR. 50-200, in fed beagle dogs. 

In the following, Examples 90 to 94 describe the methods of preparation of 
levodopa-carhidopa multiparticulate capsules, Examples 95 and 96 present the in vitro 
dissolution and in vivo pharmacokinetic performance of levodopa-carhidopa 
multiparticulate capsules and SINE? 11 •' R 50-200 tablets, repectively. 

Example 90 Production of Carbidopa Granules with Low Shear Granulation, Lot # 
S68-M1 

Carbidopa granules were produced with low shear granulation method comprising 
the following processes: 

(1) V\ eigj . ig c u-b opa rod LS fDIPRBSS* a co-processed mixture of povidone 
(3.5%), crospovldone (3.5%), and lactose monohydrate (93.0%). 

(2) Blending carbidopa and LUDIPRESS* from step (1 ) in a planetary type mixer, 
Hobart Mixer with a 5-qt mixing bowl operating at the speed setting #1, for 5 
min. forming a dry mix. 

(3) Granulating the dry mix from step (2) under low shear with a 5% (w/v) aqueous 
solution of povidone, forming a wet granulation. 

(4) Drying the gr anulation from step (3) to the moisture content of 0.8% in a 
conventional Precision oven at 50 °C. 

(5) Screening and classifying the dried granules from step (4) through a stack of 
stainless steel sieves, U.S. standard mesh sizes 20 and 60, using a mechanical 
sieve shaker, W.S. Tyler Sieve Shaker Ro-Tap Rx-29, operated for 5 min. Particle 
size and distribution of granular fonnrdations were analyzed, and classified 
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granules ranging from 0.25 mm (mesh # 60) to 0.85 mm (mesa # 20) were 
selected for future experimentation. 

The dry weight and composition of granules are given in Table 90- L 



Table 90-1. Dry Weight and Composition of Carbidopa Granules, Lot # 508 -08 1 



Ingredients 


Weight % 


Weight (g) 


Carbidopa monohydrate, USP 


24.7 


50.0 


LUDIPRESS 






Povidone, USP 


2.6 


5.3 


Crospovidone, USP 


2.6 


5.3 


Lactose Monohydrate, Ph Eur 


68.9 


139.4 


Povidone (PLASDONE® K-25), USP 




2.4 


Total 


— — 

100.0 


202,4 



Example 91 Production of Levodopa Pellets with Granulatimt-Extmmm- 
Spheronizatkm, Lot # 509-053 
Levodopa pellets were produced with granulation-extrusion-spheromzation method 
comprising the following processes: 

( \ ) Weighing levodopa and pharmaceutical! y acceptable excipieuts . 

(2) Blending levodopa and excipiems from step (I) in a planetary type mixer, Hobatt 
Mixer with a 5-qt mixing bowl, open ting at tl r 5 rain 
forming a dry mix, 

(3) Granulating the dry mix from step (2) under low shear with purified water, 
forming a wet granulation. 

(4) Extruding the wet granulation from step (3) through the screen of a screen-type 
extruder, Caleva Model 25 Extruder, operating at 15 rpm f and forming breakable- 
wet strands, the extrudate. The screen aperture was 1.5 mm. 

(5) Spheronizing the extrudate from step (4) in a spheronizer, Caleva Model 250, 
equipped with a 2.5-mm spheronization plate, operating at 1250 rptn for 5 rain, 
and farming spheronized pellets. 
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(6) Drying fhesj i red pellets from step (5) to the moisture content of 0.4% in a 
conventional Precision oven at 50 *C, 

(7) Sere. issifying the dried pellets from step (6) through a stack of 
stainless steel sieves. U.S. standard mesh sizes 10, 12, 14, 16, and 18 using a 
mechanical sieve shaker, W.S, Tyler Sieve Shaker Ro-Tap Rx-29, operated for 5 
min. Particle size and distribution of pellet formulations were analyzed, and 

i 1 ng fi im ! « mm (mesh 18) to 2 0 mm (ms_ h M0) were 

selected for future experimentation. 
The dry weight and composition of pellets are given in Table 91-1 . 



Table 91-1. Dry Weight and Composition of Levodopa Pellets, Lot # 509-053 



Ingredients 


Weight % 


Weighty 


Levodopa. USP 


50 0 


200.0 


MiL-^vrysrailine cellulose (i MUX f L®90M),NF 


25.0 


100.0 


Mannitol (MANNOGEM™ Powdered), USP 


14.0 


56.0 


Hydimypropylcellulose {HPC-SSL), NF 


5,0 


20.0 


Crosearmellose sodium (AC-DI-SOL®), NF 


5.0 


20.0 


Citric acid, anhydrous, USP 


1 0 


4.0 


Total 


100 0 


400.0 



Example 92 Production of Levodopa-Carhidopa (4:1) Pellets with Granulation- 
ExtrusionSpheranizatimi, Lot U 512-062 

Levodopa-carbidopa pellets were produced with granulahoii-extrusion- 
spheronization method comprising the following processes: 

(1) Weighing levodopa, carbidopa, and pi n < ticalb icceptable excipients 

(2) Blending levodopa- carbidopa, and excipients from step (.1 ) in a planetary type- 
mixer, Robart Mixer with a 5-qt mixing bowl, operating at the speed setting #1 , 
for 5 min, rh rating a dry mix. 

(3) Gum i i by mix ox step (2) under low hear with purifie 
forming a wet granulation. 
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(4) Extruding the wet granulation from step (3) through the screen of a screen-type 
extruder, Caleva Model 25 Extruder, operating at 15 rpm, and forming breakable 
wet strands, fee extradate. The screen aperture was L5 mm. 

(5) Sphen xtrudate from step (4) in a spheromzer, Caleva Model 250, 
equipped with a 2.5-naa spheromzation plate, operating at 1000 rpm for 5 mm, 
and formin 1 pellets, 

(6) Drying the spheromzed pellets from step (5) to the moisture convent of 1% in a 
conventional Precision oven at 50 "C. 

(7) Si v. > ie i- j ^ v s r < step (6) hrough a stack of 
stainless steel sieves, U.S. standard mesh sizes 10, 12, 14, 16, and IS using a 

necha i( hakei V.S. 1 r Sieve S ker P f ap R I'. < p 1 J for 5 

mill. Particle size and distribution of pellet formulations were analyzed, and 
classified pellets ranging from 1 .0 mm (mesh # 1 8) to 2.0 ram (mesh # 1 0) were 
selected for future experimentation. 
The dry weight and composition of pellets are given in Table 92-1 . 



Table 92-1. Dry Weight, and Composition of Levodopa-Carbidopa Pellets, Lot # 51.2-062 



Ingredients 


Weight % 


Weight <g> 


Levodopa, USP 


48.3 


100.0 


C arbid op a m on o hydr ate, USP 


13.0 


27,0 


Mierocrystalline cellulose (EMCOCEL® 90 M), NF 


26.5 


55.0 


Crospovidone (POLYPLASDONE® XL), USP 


5.8 


12.0 


Povidone PI 1DUNC K~2v. USP 


3.4 


7.0 


Citric acid, anhydrous, USP 


2,9 


60 


Total 


1 00.0 . 


207.0 



Example 93 Film coating of Levodopa-Carbidopa Pellets with Bhadhesive Polymer, 
SPHER0ME8P* IV, Lot # 601-004 

Fifty grams of levodopa-carbidopa pellets, lot #512-062, were film-coated with 
bioadhesive SPHERQMER™ IV polymer in a Vector MFL.01 Micro Batch Fluid Bed 
System, equipped with a Wurster insert. The fluid bed system was operated at inlet air flow 
rate of 1 00 lpm (liter per minute) and temperature of 35-40°C. The composition of the 
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coating solution is given in Table 80-1. SPHEROMER™ IV and Poloxaaxer 188 (LUTROL* 
F68) were dissolved in a mixture of methyl alcohol and water and sprayed onto the fluidized 
pellets to obtain a 6% weight gain on pellets, 

5 Table 93-1 . Composition of Spherorner™ IV Coating Solution, Lot # 60 i -004 



Ingredients 


Weight % 


Weight (g) 


spiiFOROMFR W 


95 


2.90 


:'<M Nainer 1SS (LUTROL* F68), NF 


5 


-■.15 


Methyl alcohol, NF 




(75 uiL) 


Purified Water, HPLC Grade 




(25 mL) 


Total Solids 


100 


3.05 



yJ alcol > i v. noved during iht h i >ro< 

Example 94 Preparation of Levodopa-Carbidopa 200 mg/50 mg Multiparticulate 
10 Capsules, tot # 601-038 

Carbidopa granules (lot # 508-081), levodopa pellets (lot # 509-053), and 
SPHEROMER™ iV-coated levodopa-carbidopa pellets (lot # 601-004) were encapsulated in 
00-size hard ( pa and 50 mg 

carbidopa anhydrous. The composition of encapsulated multipaiti.ctiia.tes is given in Table 
15 94-1. 

Table 94-1. Composition tag) of Multiparticulate Capsule Formulations, Lot # 601-038 



Components 


Lot# 


^ t (mg) 


Carbidopa Granules 


508-081 


40 ! 


Levodopa Pellets 


509-053 


80 




510-098 


348 


Total (mg per capsule) 




468 



20 Example 95 In vitro Dissolution and in vivo Pharmacokinetic Performance of 
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Levodopa-Carbidopa 200 mg/50 mg Multiparticulate Capsules, Lot # 601- 
038 

The in vitro dissolution profile of ievodopa-earh do - ng 200 mg 

levodopa and 50 mg carbMopa was obtained under simulated gastric conditions. The 
5 dissolution tests were performed in 900 mL of 0.1N HC1 -pH 1 .2 solution in a USP II 
apparatus at a temperature of 37 °C. The paddle speed was set at 50 rpm. Samples of 
ii olution media were collected at predetermined intervals and a i t i ? ihi_ 
dissolution profiles of levod n p ed raHPl t i sis are shown ii 

Figure 93. 

10 The in vivo performance of levodopa-carbidopa capsules was evaluated in beagle 

dogs. The capsules were administered to separate cohorts of twelve beagle dogs in the fed 
state. Plasma levels of levodopa and carbidopa were measured using LC/MS/MS analysis. 
Figures 94 and 95 show the plasma concentration profiles of levodopa and carbidopa in the 
fed state, respectively. The pharmacokinetic data including the area under the plasma 

1 5 levodopa vs. time curve (AtJC), max. concentration (CW) and time required to achieve 
Cxaax {Tarn) are provided in Table 95-1 . 

Table 95-1. Phamraeokinetic Data for Levodopa-Carbidepa Multiparticulate Capsules, Lot 
# 601-038, in Fed Beagle Dogs; the area under the plasma levodopa vs. time curve (AUG). 
20 maximum concentration (C I!mx ) t and time required to achieve C„ 1M (T inax ) 



Fasting Period 


AUC 
(ng/ml.lir) 


C« 
(ng/ml) 


T«« 
(hr) 


Fed State 


9,649 


1,615 


3.8 



Example 96 In vitro Dissolution and in vivo Pharmacokinetic Performance of 

SINEMET* CM 50-200 Tablets, containing 50 mg Carbidopa. and 200 mg 
Levodopa, Lot § A r 4682 

The in vitro dissolution profile of SINEMET® CR 50-200 tablets, containing 50 mg 
rbid< i id og levodopa were obtained under simulated trie conditions The 
dissolution tests were performed in 900 mL ofO.lN HC1 - pH 1 .2 solution, in a USP II 
apparatus at a temperature of 37 °C. The paddle speed was set at 50 rpm. Samples of 
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dissolution media were collected at predeteroiined intervals and analyzed by HPLC. The 
dissolution profiles of levodopa and carbidopa obtained from HPLC analysis are shown in 
Figure 96. 

The in vivo pharmacokinetic performance of SINEMET* CR 50-200 tablets was 
5 evaluated in beagle dogs. SINEMET® CR tablets were administered to cohorts of six beagle 
dogs in the fed state and plasma levels of levodopa and carbidopa were measured using 
HPLC analysis. Figures 94 and 95 show the plasma concentration profiles of levodopa and 
carbidopa. The pharmacokinetic data including the area under the plasma levodopa vs. time 
curve (AUC)j maximum concentration (C atsx ) and time required to achieve C„ ax (TW) are 
1 0 provided in Table 96- 1 , 



Table 96-1, Pharmacokinetic Data for SINEMET* CR 50-200 Tablets, Lot # N4682, in Fed 
Beagle Dogs; the area under the plasma levodopa vs. time curve (AUG), maximum 
concentration (€ r!i: «k and time required to achieve C, jm OW) 



• oi midafioii 


AUC 


c max 




SINBMBT^ CR 50-200 Tablets 


3,903 


1.603 


2 



Equivalents.:, 

Those skilled in the art will recognize, or be able to ascertain using no more than 
le experimem i t the specil bodhnents of iheh ion 

described herein. Such equivalents are intended to be encompassed by the following claims. 
20 All patents, publications, and other references cited above are hereby incorporated 

by reference in their entirety. 
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We Claim: 

1 . A pharmaceutical composition for the treatment of a patient suffering from 
Parkinson's disease and/or another movement disorder, comprising: 

(1) ' mmediaie-t £ R.) portion com gl odopa or a metabolic 
5 precursor Thereof formulated i provide i therapeutically effective 

coacentrati j i \\ ithin about 2 hours 

of administration to the patient; and 

(2) a second portion comprising levodopa or a metabolic precursor thereof, 
fonnaiated to release levodopa or the precursor at a substantially zero-order 

1 0 release rate over a sustained treatment period to maintain the therapeutically 

effective concentration of levodopa or the precursor in the patient; 
wherein at least the first I.R portion further comprises a decarboxylase mzyme 
inhibitor, and the ratio of the inhibitor to levodopa or the precursor in at least the 
first 1R portion is greater than 1 :4. 

15 2. The pharmaceutical composition of claim 1, further comprising: 

(3) a substantially ascending release portion compri sing levodopa or a metabolic 
precursor thereof, formulated to effect a rapid drop of levodopa 
concentration in the patient to below the therapeutically effective 
concentration at the end of the treatment period. 

20 3 . The pharmaceutical composition of claim 1 , further comprising: 

(3) a substantially elevating release portion comprising levodopa or a metabolic 
precursor thereof, formulated to elevate the substantially zero-order release 
rate to a higher level beginning around a predetermined time point. 

4. The pharmaceutical composition of claim 3, wherein the predetermined time point is 
25 about four to seven hours alter administration to the patient. 

5, The pharmaceutical composition of claim 3 , wherein the substantially elevating 
release portion is formulated to effect a rapid drop of levodopa concentration in the 
patient to below the 1 1 I e sctive concentration at the end of the 
treatment period. 

30 6. The pharmaceutical composition of claim 3, wherein the substantially elevating 
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t ease port 1 on p . t dec jrbox ( * 5 en yme inhi ito 

A pharmaceutical composition tor the treatment of a patient suffering from 

Parkinson's d < >r another moveraen lisord : comprising: 

(1 ) a first immediate-release (IR) portion comprising levodopa or a metabolic 
precursor thereof, formulated to providt t therapeuti i l effecti e 
concentration of levodopa in the patient within about 2 hours of 
adtrrimstration to the patient; 

(2) a second portion comprising levodopa or a metabolic precursor thereof 
formulated to release levodopa or the precursor at a substantially zero-order 
release 1 ite over a sustained treatment period to maintain the ti n ?eutk 1 
effective concentration of levodopa in the patient; and 

(3} a substantially ascending release portion comprising levodopa or a metabolic 
precursor thereof, formulated to effect a rapid drop of levodopa 
concentration in the patient to below the therapeutically effective 
concentration at the end of the treatment period. 
A' pharmaceutical composition for the treatment of a patient suffering from 
Parkinson's disease and/or another movement disorder, comprising: 
(!) a first immediate-release (IR) portion comprising levodopa or a metabolic 
precursor thereof, formulated to provide a therapeutically effective 
concentration of levodopa in the patient within about 2 hours of 
administration to the patient; 
(2) a second portion comprising levodopa or a metabolic precursor thereof, 

formulated to release levodopa or the precursor at a substantially zero-order 
release rate over a sustained treatment period to maintain the therapeutically 
effective concentration of levodopa in the patient; and 
{3} substantially el r release 1 >n comp ig it r a metaboii 

precursor thereof, formulated to ek 1 rdej release 

rate to a hi 1 1 1 begioo ; at ed< ned time point 
A pharmaceutical composition for the treatment of a patient suffering from 
Parkinson's disease and/or another movement disorder, comprising: 
(!) a sleep-inducing agent; and, 

(2) a decarboxylase enzyme inhibitor formulated to provide an effective plasma 
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concentration at a predetemtined time after tin tdrni usi ationofths 
phannaceutical composition to the patient, 
T3 I *i iceutic oraposition of claim 9, further comprising: 

(3) a first delayed immediate-release (DDI) portion comprising fevodopa or a 
metabolic precursor thereof, formulated to pi . fberapeuH illy effective 
concentration of levodopa in the patient within about 2 hoars of the 
predetermined time. 

The l u iii uii «. d composition of claim 10, further comprising: 

(4) a second delayed controlled release (DCR) portion comprising levodopa or a 
metabolic precursor thereof formulated to release levodopa or the precursor 
at a substantially zero-ot ler release rate o\ ei a sust tins '1 <. S nent period 
after the predetermined time, to maintain the therapeutically effective 
concentration of levodopa hi the patient. 

The pharmaceutical composition of claim 10, wherein the predetennined time after 
administration is 6 to 9 hours after administration. 

The pharmaceutical composition of claim 2, 5, or 7, where the rapid drop of 
levodopa takes place in less than two hours. 

The pharmaceutical composition of any of claims 1-13, wherein the formulation 
farther comprises one or more of a dopaminergic and anti-choltnergic agent 
selected horn amantadine an mti-< tolinergi igen electi from trihexyphenidyl 
hen ti p'» i p j ine < xroeydidim i lopam isi m k (.n d 1mm 

a ioj to pi n . n <m cnptine < i wrgo ine uride, \ t s ide. pram pexi ie ^ 
ropinirole; a MAO-B (monoamine oxidase B) inhibitor selected from: selegiline or 
deprenyl; a COMT inhibitor selected from: CGP-28014, entacapone. or toicapone; a 
muscle relaxant baclofen; a sedative Clonazepam; an anticonvulsant agent 
carbamazepine; a dopamine reuptake inhibitor tetrabenazme; a dopamine blocker 
haloperidoi: a p-falocker selected from: propranolol; a carbonic anhydrase inhibitor 
selected from: acetalzolamide or methazolamide; a narcotic agent codeine; a 
GABAergic agent gabapentin; or an alpha antagonist clonidine. 
The pharmaceutical composition of any of claims 1-14, wherein the formulation 
farther comprises a stool softener selected from: bran or psyllium, methylcellulose, 
11 loc ite, docusate sodium and casanthranol combh 
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magnesium hydroxide, magnesium citrate, sorbitol, polyethylene gl fco\ solution, 
lactulose, lubiprostone or other osmotic or stimulant laxatives, and a natural stool 
softener. 

Hie pharmaceutical composition of any of claims 1-15, wherein the metabolic 
precursor is a methyl, ethyl, or propyl ester of levodopa, or a combination thereof. 
The pharmaceutical composition of any of claims 1-15, wherein the metabolic 
precursor is (-)-L-a~amino-p<3,4-dfcydroxybenzene) propanoic acid, 3-hydroxy-L- 
tyrosine ethyl ester, phenylglycine. or a mixture thereof. 
The pharmaceutical composition of any of claims 1-17, wherein the ratio of the 
decarboxylase inhi bitor to levodopa or the precursor in the first IR portion is about 
1:3 or greater. 

The pharmaceutical composition of any of claims 1-17, wherein the ratio of the 
decarboxylase inhibitor to levodopa or its precursor varies between the start and the 
end of the release o the econd porti > 

The pharmaceutical composition of claim 19, wherein the ratio changes substantially 

continuously over the release period of the second portion. 

The pharmaceutical composition of claim 19, wherein the ratio is substantially 

constant during all or a part of the release period of the second portion. 

The pharmaceutical composition of claim 2, 3, 7, or 8, wb< » itantially 

ascending release portion or the substantially elevating release portion comprises a 

decarboxylase enzyme inhibitor. 

Hie pharmaceutical composition of claim 2, 3, 7, or S, wherein the substantially 
ascending; lease po .... tbstantiall - ttmg release portion is a second 
immediate release portion. 

The pharmaceutical composition of any of claims 2-23, wherein the ratio of the 
inhibitor to levodopa or the precursor in the substantially ascending release portion 
or the substantially elevating release portion is less than 1 :4. 
The pharmaceutical composition of any of the preceding claims, wherein the 
decarboxylase enzyme inhibitor is carbidopa. a carbidopa prodrug, benserazido. 
methylphenidate. or a combination thereof. 

The pharmaceutical composition of any of the preceding claims, wherein the total 
dose of the decarboxylase enzyme inhibitor per day per human patient is in the range 
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of about 75 ~ 600 mg. 

27. The -r ... deal composition of any of fee preceding claims, wherein the total 
dose oflevodopa or metabolic precursor thereof per day per human patient is 
between about 50 mg and about 300 mg, 

28. The pharmaceutical composition of any of the preceding claims, wherein at least one 
of the first IR portion, the second substantially zero order release portion, the 
substantially elevating release portion, and/or the substantially ascending release 
portion further comprises at least one dopamine transport inhibitor. 

29. The pharmaceutical composition of claim 28, wherein the dopamine transport 
inhibitor is rae&ylphenidate. 

30. The p c osi lion of claim 28. wherein, the dopamine transport 
inhibitor is present in an amount of about 3 mg to about 60 mg. 

31. The pi*,-, i ct ical composition of claim 28 wherein the dopamine transport 
inhibitor is released starting after a delay of about 2 hours to about 7 hours. 

32 . The pharmaceutical composi tion of claim 3 1 , wherein the dopamine transport 
Inhibitor is released over a period of time of about 1 hour to about 6 hours. 

33 . The pharmaceutical composition of any one of the claims 1 -32. wherein the first T.R. 
portion, the second substantially zero order release portion, the substantially 
elevating release portion (if] est 1 the substantial! adi i ca^-e portion 
(if present), are formulated to provide a sustained dose over at least 4 hours when 
administered to the patient 

34. The pharmaceutical composition of claim 33, wherein the .first IR portion, the 
second substantially zero order release portion, the substantially el evating release 
portion, and the substantially ascending release portion (if present), are formulated 
to provide a sustained dose over at least 8 hours when administered to the patient. 

35. The pharmaceutical composition of claim 34. wherein the first IR portion, the 
second substantially zero order release portion, the siibstaiitiaily elevating release 
portion (if present), and the substantially ascending release portion (if present), are 
formulated to provide a sustained dose over at least 12 hours when administered, to 
the patient. 

36. The pharmaceutical composition of claim 35, wherein the first IR portion, the 
second substantially zero order release portion, the substantially elevating release 
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portion (if present), and the substantially ascending - e ise port on t ! <u seat), are 
formulated to provide a sustained dose over at least 14 hours when administered to 
the patient. 

The pharmaceutical composition of any one of the claims 1 -36, wherein the .first IR 
portion, the second substantially zero order re ; eportioi 3 ubstantialh 
elevating release portion (if present), and the subst j lease portion 

(if present) m ii ted into a stack of compress in n cased inside a shell, 
t 1 i f i i i epetrdent dissolution profile, wherein drug is released 

only from an exposed surface at a predetermined face of the stack. 
The pharmaceutical composition of any one of the claims 1-36, wherein the first IR 
portion, the second substantially zero order release portion, the substantially 
elevating release portion (if present), and the substantially ascending release portion 
(if present), are each formulated as a plurality of individual beads or pellets, each of 
the portions having an independent dissolution profile. 
The pharmaceutical composition of claim 38, wherein the ratio of beads 

irst iR portion, the second subst orially zero order release 
portion, and the substantially ascending release portion (if present), are customized 

1 i t t predetermined i pi ie s I f r. 

predetermined duration of release, a predetermined rate of reaching a therapeutic 
plasma c< central o ofievodop; or a predetei ne< K/imui t ise ratt 
customized for the size, sensitivity, or clearance rate of die particular patient. 
The pharmaceutical composition of claim 39, wherein some or all of the heads are 
fully or partially coated by a bioadhesive material. 

The pharmaceutical composition of claim 40, wherein the heads of the second 
substantially zero order release and third substantially elevating or substantially 
ascending release portions (nf present), are coated by a biuadhesive material. 
The pharmaceutical composition of any of claims 38-41, wherein some or all of the 
beads are c 1 >pei sion-promoting coating. 

The pharmaceutical composition of any of claims 38-42, wherein the beads are less 
than about 1 mm in diameter. 

The pharmaceutical composition of any of claims 38-43, wherein the beads are 
dispersed in a matrix mat disintegrates in less than about 5 minutes. 
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45, The pharmaceutical composition of any of claims 38-43 , wherein the beads are 
dispersed in an eroding tablet that gradually erodes over the treatment period. 

46. The pharmaceutical composition of claim 45, wherein the tablet is at least partially 
coated by a bioadhesive material and/or an immediate release portion. 

5 47. The pharmaceutical composition of claim 46, wherein th< e m aterial, if 

present, is exposed upon dissolution of the immediate release portion, 

48. The pharmaceutical composition of claim 37, wherein the shell is fully or partially 
coated by a bioadhesive material; 

49. The pharmaceutical composition of any of the preceding claims, wherein at least the 
1 0 substantially zero-order release rate second portion is coated or partially coated by a 

bioadhesive material. 

50. The pharmaceutical composition of any of claims 40-49, wherein the bioadhesive 
material is selected from poiyaraides, polyalkylene glycols, polyalkylene oxides, 
polyvinyl alcohols, polywuiylpyrrolidone, polyglycolid&s, polyurethanes, polymers 

1 5 of acrylic and methaerylic esters, polylactides, poly(butyric acid), polyanhydrides, 

polyorthoesters, poly(fumaric) anhydride, blends and copolymers thereof 

5 1 . The pharmaceutical composition of any of claims 40-49, wherein the bioadhesive 
material is poiy(fcmaric-co-sebacic) anhydride. 

52. The pharmaceutical composition of any of claims 40-49, wherein the bioadhesive 
20 material comprises a catechol moiety. 

53. Tht x [i.am aceutical composition of claim 52, whe • he bii ad Ik -so e materia! 
comprises a mixture of a material and a compound comprising a catechol moiety 
selected from L-Dopa, D-dopa, dopamine, or carbidopa. 

54. Thej. rn ; seal composition of claim 52 or 53 wherein the bioadhesive material 
25 is selected from polyamides, polycarbonates, poiyal'kylenes, polyalkylene glycols, 

polyalkylene oxides, polyalkylene terephthalates, polyvinyl alcohols, polyvinyl 
ethers, polyvinyl esters, polyvinyl halides, polyvinylpyrrolidone, polyglyeolides, 

«. sc. polymers of acrylic and methaerylic 
esters, polylactides, poiyfhotyric acid), poiy(valeric acid), poly(lactide-co- 
30 glycolide), polyanhydrides, polyorthoesters, poly(fumaric) anhn " f .< blends, md/oi 

copolymers thereof 

5 5 . Hie pharmaceutical composition of any of claims 40-49, wherein the bioadhesive 
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; Cured onalized with a catechol moiety. 
The pharmaceutical composition of claim 55, wherein the catechol moiety is derived 
horn L-dopa, D-dopa, dopamine, or earbidopa- 

The pharmaceutical composition of any of the preceding claims, formulated tor oral 
administration 

The pharmaceutical composition of any of claims 1-56. formulated for parenteral 
administration. 

The pharmaceutical composition of any of the preceding claims, suitable for human 
treatment, or for veterinary treatment of a non-human mammal. 
The pharmaceutical composition of any of the preceding claims, wherein the first IR 
portion is liquid. 

The pharmaceutical composition of any of the preceding claims, wherein the first IR 
portion, the second substantial ordei release portion, the substantially 
elevating release portion (if pi c sent ■ and the substantially ascending release portion 
(if present), are suspended in a pharmaceutical ly acceptable liquid carrier. 
A method of making a pharmaceutical composition for the treatment of a patient 
suffering from Parkinson's disease and/or another movement disorder, comprising 
combining the first IR portion, the second portion, the substantially elevating release 
portion (if present), and the substantially ascending release portion (if present), of 
any of the pharmaceutical composition of claims 1-60 into a single dosage form. 
A method of treating a patient suffering from Parkinson's disease and/or another 
movement disorder, compos . 2 id >u Bering to the patient a pharmaceutical 
composition of any of claims 1-61. 

A method of treating a patient suffering from Parkinson's disease and/or another 
movement disorder coropri '« mistering toihepati nt the pharmaceuti al 
composition of claim 1. conjointly with a substantially ascending release portion 
comprising levodopa or precursor thereof formulated to effect a rapid drop of 
levodopa concentration in the patient to below the therapeutically effective 
concentration at the end of the treatment period, when the release of the 
pharmaceuti tl t ip< sition of claim 1 is or is about to be c mpk ted in the patient. 
A pharmaceutical preparation of any of claims 1-60 formulated as a transdermal 
patch, a buccal patch, or a buccal tablet and formulated for sustained release of the 
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phaimaceu= k np< (sition in order to administer an araou tl ••>!,;.•:• at to ueat a 
patient suffering from Padtinson's disease and/or another movement disorder, 
in said pharmaceutical composition is formulated to provide a sustained 
substantial zero-order release over at least 8 hours after applying to the patient, 
A single dosage formulation for treatment of a movement disorder comprising 
levodopa or a metabolic precursor thereof, wherein fee do sa - on pr« duces 

and maintains a therapeutically effective concentration of levodopa or precursor 
thereof over a period of at least about 7 hours. 

The single dosage formulation of claim 66, further comprising a decarboxylase 
enzyme inhibi tor. 

The single dosage formulation of claim 66 or 67, wherein the dosage formulation 

produces and maintains a therapeutically effective concentration of levodopa or 

precursor thereof over a period of at least about 9 hours. 

The single dosage formulation of claim 68, wherein the dosage formulation 

produces and maintains a therapeutically effective concentration of levodopa or 

precursor thereof over a period of at least about 12 hours. 

The single dosage formulation of any of claims 66-69, wherein the dosage 

formulation includes a first immediate-release (IR) portion to attain a therapeutically 

effective concentration of said levodopa in less than about 2 hours after 

administration to a patient. 

The single dosage formulation of claim 70, which further comprises: 

(1) a sustained zero -order release portion to maim ti i tut therapeutically 
effective concentration of levodopa over a first period of hours; and 

(2) an ascending-rele rse port on to m imiara the therap ni < f s effective 
concentration of levodopa at the end of said sustained zero-order release 
portion; 

wherein the single dosage formulation, upon administration to the patient, produces 
a therapeutically effective concentration of said levodopa or precursor in less than 
about 2 hours of administration to a patient. 

The single dosage formulation of claim 7 1 , wherein the ascending release portion 
provides for a rate of decrease of levodopa in the patient from a therapeutically 
effective concentration to a sub-therapeutically effective concentration (e.g., < 75% 
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or less) in a second period of time less than abo ut 2 horn s. 

Hie single dosage formulation of any of claims 67-72, wherein the ratio of the 

inhibitor to ievodopa or the precursor in at least the first IR. portion is greater thai: 

1:4. 

The singled i formu] fi in >f claims 70-73. wherein s- d carboxylase 
enzyme inhibitor is present in only the first 111 portion and the sustained zero-order 
release portion. 

The single dosage formulation of any of claims 70-73, wherein the decarboxylase 
enzyme inhibitor is present in each of the portions, wherein the ratio of 
decarboxylase enzyme inhibitor to Levodopa in each portion is different. 
The single dosage formulation of any of claims 71-75, whereto the sustained zero- 
order release portion comprises two or more sub-portions differing in the ratio of 
decarboxylase enzyme inhibitor to Ievodopa or the precursor. 
The single dosage formulation of any of claims 71-75, wherein at least one of the 
first IR portion, the second substantially zero order release portion, and the 
substantially as« 1 e portion further comprises at least one dopamine 
transport, inhibitor. 

The single dosage formulation of any of claims 71-75, wherein the second 
substantially zero order release portion and/or the substantially ascending release 
portion further comprises a bioadhesive material. 
1 iic pi a i x iion of claim 40, wherein the esive 

comprises an additive that stabilizes the material from erosion, dissolution or both 
wherein at least 50% by weight of a 1 mm thick film of the bioadhesive material 
remains after 12 hours in a buffered pH 4,5 dissolution bath. 
The pharmaceutical composition of claim 40. wherein the bioadhesive material 
comprises an additive selected from one or more of a polyauhydride, an acidic 
component. meia t,orrpound. a sta c tmponent. 

A packaged pharmaceutical composition for the treatment, of a patient suffering from 
Parkinson's disease and/or another movement disorder, comprising: 

(1 ) a first pharmaceutical composition comprisi kg flu ph amaceutical 
composition of claim 1, 2, or 3; 

(2) a second pharmaceutical composition compri sing the pharmaceutical 
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composition of claim 9, 10, or 11- 

82. The packaged phamiacenrical composition of claim 81 , wherein the first and/or the 

t n n t ,i i n j idual d< 

83 . The pack aged pharmaceutical composition of claim 82, wherein the package 
5 comprises at least one dose each of the first and the second pharmaceutical 

compositions. 

84. The packaged pharmaceutical composition of claims 81-83, wherein the first arid the 
second pharmaceutical compositions are distinctively marked by color, shape, and/or 
size. 

10 85. The packaged pharmaceutical composition of claims 81-84, further comprising an 
instruction that instructs a patient to take the first pharmaceutical composition as a 
day dose, and to take the second pharmaceutical composition as a night dose. 
86. The packaged pharmaceutical composition of claims 8 1-85, which package 
comprises sufficient doses for treating a patient over a week. 

15 87. A multiparticulate pharmaceutical composition, comprising: 

(1) a pl urality of pellets, each said pellets comprising a core comprising one or 
more effective ingredients; and 

(2) a matrix material; 

wherein the pellets arc dispersed io. die matrix material, and are released upon 
20 dissolution of the matrix material. 

88. The pharmaceutical composition of claim 87, wherein the matrix material 

i > lies with bout 5 minutes in an aqueous solution, 

89. The pharmaceutical composition of claim 88, wherein the aqueous solution is gastric 
acid. 

25 90. The phamia.ccu.nca] composition of claim 88. wherein the matrix material comprises 

a cushioning material. 
91. Thepha ;u iposition of claim 87, wherein the pharmaceutical 

composition is an eroding tablet and the matrix material gradually erodes over a 

predetermined period of tune. 
30 92. The pharmaceutical composition of claim 9 1 , wherein the eroding tablet is at least. 

partially coated by a support material or a bioadhesiw ma 
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The pharmaceutical composition of claim 87, wherein the plurality of pellets 
comprise two or more different types of pellets. 

The pharmaceutical composition of claim 93, wherein a first type of pellets further 
comprise one or more coatings around the core of each pellet. 
Thepharau si 1 don of claim 94, wherein thee < i prise a 

bioadhesive composition, a composition for controlled-release, a composition for 
delayed-release, a dispersion-promoting composition, and/or a fiinctional or non- 
functional polymer. 

The pharmaceutical composition of claim 95, wherein the different coatings, if 
present, are in two or more discrete layers. 

The pharmaceutical composition of claim 96, wherein the layers comprise a 
controlled-release layer disposed around the core, a bioadhesive layer disposed 
around the controlled-release layer, and a dispersion-promoting layer disposed 
around the jio tdht ive polymer layer. 

The pharmaceutical composition of claim 95, wherein at least two different coatings 
are combined in the same coating layer. 

The pharmaceutical composition of claim 94, wherein the effective ingredients 
comprise about 50-80% (v/v) of the coated pellets. 

The pharmaceutical composition of claim 94, wherein the effective ingredients are at 
least about 60% (v/v) of the coated pellets, and tin effe< f gredients are 
cohesive, plastic, and engage in hydrogen bonding. 

The pharmaceutical composition of any of claims 87 , 99, and 100, wherein the 
pellets are no more than 1 mm in size. 

The pharmaceutical composition of claim 94, wherein, the core is substantially free 
of mi cro erysta lline cellulose. 

The pharmaceutical composition of claim. 87, wherein the effective ingredient is one 

2tformm, acyclovir, ra ttd tl u 1 tabapentin 

osartin p ta ium, ganciclovir, cimetidine, mince; line, i uadine bupropion 
orlistat, captopril, diphenhydramine, tripelennamine, chioiphemramine maleate, 
it ' > , ' < i landin irbenoxolan u< 1 s s bide 

quinidme, maiapril, nifedipine, verapamil diitiazem, nadolol timolol, pindolol, 
saibutamol, terbutaline, earbuterol, hroxaterol, arninophyiime, cyclizine, ciramrizioe, 
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1 > srid< I prick vincristine, megestrol acet e, dam bids ctinomycin 
adriamyein, etoposide, 5-fl«otomaci1, mdomemaciii, suimdac, piroxicam. ibuprofen, 
naproxen, ketoprofen temazepam, i a i'qvi i, Quni tazepam, amatUadine, 
ampicillrn, amoxicillin, erythromycin, teteacyclines, cyanocobakmin, amino acids, 
iron or calcium salts of essential trace elements, or pharmacologically acceptable 
salts thereof. 

A method to formulate a pharmaceutical composition, comprising: 

(1) blending pi u ; atieal< posi tion to form a dry mix; 

(2) granulating the dry mix with a granulation fluid to form a wet granulation; 

(3) extruding the wet granulation through a screen-type extruder to form 
extradate; 

(4) spheronizing the extrudate to form spheronized pellets; and 

(5) drying the pellets. 

The method of claim 1 04, wherein the pharmaceutical composition comprises two or 
more effective ingredients. 

The method of claim 105, wherein the effective ingredients comprise levodopa 
and/or a metabolic precursor thereof, and a decarboxylase enzyme inhibitor. 
The method of claim 104, wherein the pharmaceutical composition comprises a 
hioadhesive composition and/or apharmaeeutically acceptable exeipient. 
The method of claim 104, wherein the pharmaceutical composition is substantially 
free of microcrystaliine cellulose. 

The method of claim 1 04, wherein the granulation fluid is purified water, an aqueous 
solution of a mineral or organic acid, an aqueous solution of a polymeric 
composition, a pharmaceutical^ acceptable alcohol, a ketone or a chlorinated 
sol vent, a hydro-alcoholic mixture, an alcoholic or hydro-alcoholic solution of a 
polymeric composition, or a solution of a polymeric composition in a chlorinated 
solvent or in a ketone. 

The method of claim 104, wherein the extruder has a screen aperture of about 0.8, 1, 
or 1 .5 mm. 

The method of claim 104, further comprising: 

(6) screening and/or classifying the pellets to select one or more pellets of a 
desired size. 
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112. The method of claim 111, wherein the selected pellets are no more than about 1 ram 
in diameter, * 

113. The method of claim 111, further comprising: 

(7) coating the selected pellets with one or more coalings to form coated pellets. 

1 14. The method of claim 1 1 3, wherein the coatings comprise a bioadhesive composition, 
a composition tor controlled-retease, a composition for delayed-release, a 
dispersion-promoting composition, and/or a functional or non-functional polymer. 

115. The method of claim 114, wherein the different, coatings, if present, are in discrete 
layers. 

1 16. The method of claim 1 14, wherein at least two different coatings are combined in a 

in ?;lt hn er 

117. The method of el aim 113, further comprising: 

(S) dispersing the coated pellets in a matrix material that ci sintegrates within 
about 5 minutes in an aqueous solution. 

118. The method of claim 1 1 7, wherein the aqueous solution is gastric acid. 

119 . The method of claim 1 1 7, wherein the matrix mated al comprises a cushioning 
material. 

1 20. The method of claim 113, wherein the effective ingredient(s) of the pharmaceutical 
composition comprises about 50-80% (v/v) of the coated pellets. 

121. The method of claim 113, further comprising: 

(8) dispersing the coated pellets in a matrix of an eroding tablet that gradually 
erodes over a predetermined period of time. 

1 22. The method of claim 121, wherein the eroding tablet is at least partially coated by a 
support material or a bio adhesive material. 

1 23 . Pellets formulated by the method of claim 1 04. 

124. A method to formulate a pharmaceutical composition, comprising: 

{ 1 ) blending foe pharmaceutical composition to form a dry mix; 

(2) granu fating flu ■■ fry mix under low shear condition with a granulation, fluid to 
form a wet granulation; 

(3) drying the wet granulation to form dried granulation; 

(4) grinding the dri ed granulation, and sieving through a screen of predetermined 
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size to form sieved granules; 

(5) blending in a lubricant to the sieved granules to form a uniformly lubricated 
dry mix. 

125. The method of claim 124, wherein the pharmaceutical composition comprises two or 
5 more effective ingredients. 

126. The method of claim 125, wherein the effective ingredients comprise levodopa 
and/or a metabolic precursor thereof; ami a decarboxylase enzyme inhibitor. 

1 27. The method of claim 124, wherein the pharmaceutical composition comprises a 
hioadhesive composition and/or a pharmaceutical!} 1 acceptable exeipkot 

10 128. The method of claim 1 24, wherein the pharmaceutical composition is substantially 
free of microcrystallme cellulose. 

1 29. The method of claim 124, wherein in step (1 ), the pharmaceutical composition is 
substantially free of lubricants. 

1 30. The method of claim 124, wherein the granulation fluid is purified water, an aqueous 
15 solution of a mineral or organic acid, an aqueous solution of a polymeric 

composition, a pharmaceutically acceptable alcohol, a ketone or a chlorinated 
solvent, a hydro-alcoholic mix ture, an alcoholic or hydro-alcoholic solution of a 
polymeric composition or a solution of a polymeric composition in a chlorinated 
solvent or in a ketone. 
20 131, The method of claim 124, further comprising: 

(6) passing ! ) t 1 + > j h a second screen 

132. The method of claim 1 24, further comprising: 

(6) compressing the lubricated dry mix into a tablet. 

133. The method of claim 132, tether comprising: 

25 (6) c 1 1 i > ! • n > < >ati ■ n t >> 

134. The method of claim 133, wherein the coating compositions comprise a bioadhesive 
composition, a composition for controlled-release, a composition for delayed- 
release, a dispersion-promoting composition, and/or a functional or non-functional 
polymer. 

30 135. The method of claim 1 34, wherein the different coating compositions, if present, are 
in discrete layers. 
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1 36. The method of claim 134, wherein at least two different coating compositions are 
mixed in the same coating layer. 

1 37. A pharmaceutical composition formulated with the method of claim 1 24. 

138. \]tt', icu >hanna< ui li composition bi the reatmeat of a patient 
suffering iron n son ase and 'or another movement disorder, com} J ising: 

(1) i first imi 1 te-rel t 1R) portion comprising: 

(a) l p i >recurs 
thereof (ievodopa pellets), and 

(b) a plurality of pellets comprising carbidopa or a prodrug thereof 
{carbidopa pellets), 

wherein said first IR portion is formulated to provide a therapeutically 
effective concentration of ievodopa hi the patient within about 30 minutes of 
administration to the patient, and 

(2) a second portion comprising a plurality of pellets (levodopa-carbidopa 
pellets), each comprising: 

(a) a first core comprising Ievodopa (or a metabolic precursor thereof) 
and carbidopa (or a prodrug thereof); and 

(b) a btoadhesive composition coating the first core, 

it i < mrl > 1 i eiease fevoi t at. a 

substantially zero-order release rate over a sustained treatment period to 
maintain the the ra euticath effective concentration of Ievodopa in the 



The pharmaceutical composition of claim .138, wherein the w/w ratio of carbidopa: 
Ievodopa is about 1 :4 in the first and second portions. 
The pharmaceutical composition of claim 138. wherein the second portion 
comprises about 80-90% of the Ievodopa in the pharmaceutical composition. 
The pharmaceutical composition of claim 138, thither comprising: 
(3) a third portion comprising a plurality of pellets (levodopa-bioadhesive 
pellets), each comprising: 

(a) a second core comprising Ievodopa (or a metabolic precursor 
thereof); and, 

(b) a bioadhesive composition coating the second core, 
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wherein ■ i - and third portions axe formulated to n levo< opa at a 
substantially zero-order release rate over a sustained treatment period to maintain 
the therapeutically effective concentration of levodopa in the patient. 
The pharmaceutical composition of claim 141, wherein die second and third portions 
comprise about 80-90% of the levodopa in the pharrm ct i tic: I composition. 
The pharmaceutical composition of claim 141 or 14:2, wherein the second portion 
comprises about 60-70% of the levodopa in the pharmaceutical composition. 
The pharmaceutical composition, of claim 141, wherein the levodopa pellets, the 
earbidopa pellets, the levodopa-carbidopa pellets, and the levodopa-bioadhesive 
pellets are all disposed in a capsule. 

The pharmaceutical composition of claim 141, wherein the levodopa pellets, the 
earbidopa pellets, the levodopa-carbidopa pellets, and the levodopa-bioadhesive 
pellets ate ail dispersed in a matrix material that disintegrates within about 5 minutes 
in an aqueous solution. 

The pharmaceutical composition of claim 145. wherein the matrix material 
comprises a cushioning material. 

The pharmaceutical composition of claim 141, wherein the levodopa pellets, the 
earbidopa pellets, the levodopa-carbidopa pellets, and the levodopa-bioadhesive 
pellets are all dispersed in a matrix of an eroding tablet that gradually erodes over a 
predetermined period of time. 

The pharmaceutical composition of:' claim 147, wherein die eroding tablet is at least 
partially coated by a support material or a bioadhesive material. 
The pharmaceutical composition of claim 138 or 141, wherein die bioadhesi ve 
materia] coating the first and die second cores further comprises a dispersion- 
promoting agent. 

The pharmaceutical composition of claim 138 or 141, wherein the levodopa pellets, 
the earbidopa pellets, the levodopa-carbidopa pellets, and the levodopa-bioadhesive 
pellets (if present) are no more than about 1 mm in size. 

The pharmaceutical composition of claim 138 or 141, which is substantially free of 
mieroerystalline cellulose, 

ethical composition of claim 138, wherein the bioadhesive material 
comprises an additive that stabilizes the material from erosion, dissolution or both, 
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wherein 5 » by weight of a I ram thick filn » ' e 

remains after 12 bout's ia a buffered pB 4,5 dissolution bath. 

153. The pharmaceutical composition of claim 138, wherein the bioadhesive material 

t f e selected fron one or more of a polyanhydride, an acidic 
component a metal compound, a stabilizing polymer and a hydrophobic component. 

1 54. A multilayer tablet pharmaceutical composition for the treatment of a patient 
suffering from Parkinson's disease and/or another movement disorder, comprising: 

(1) a first controlled release (CR) layer comp.ri.si i V odopa (or a metabolic 
precursor thereof) and carbidopa (or a prodrug thereof), wherein the w/w 
ratio of carbidopa : ievodopa is about 1:4 in the CR layer; 

(2) a second, bioadhesive layer covering at least a portion of the first CR layer; 
wherein the tablet is formulated to release Ievodopa at a substantially zero-order 
release rate over a sustained treatment period to maintain the therapeutically 
effective concentration of Ievodopa in the patient. 

155. i >> i >f claim 154 further comprising: 

(3) a third, immediate-release (IR) layer comprising Ievodopa (or a metabolic 
precursor thereof) and carbidopa (or a prodrug thereof), said third layer 
covering at least a portion of the first CR layer and/or the second bioadhesive 
layer, wherein the wAv ratio of carbidopa : ievodopa is about. 1 :4 in the third 
IR layer. 

1 56. The multilayer tablet pharmaceutical composition of claim 1 55, wherein die CR 
layer comprises about 80% of the total Ievodopa in the composition. 

1 57. The multilayer tablet pharmaceutical composition of claim 155, further comprising: 

(4) a fourth, pre-compressed immediate-release (IR) portion comprising 
Ievodopa (or a metabolic precursor thereof) and carbidopa (or a prodrug 
thereof), wherein said fourth portion is disposed within the CR layer, and 
wherein the w/w ratio of carbidopa : ievodopa is about 1 :4 in the fourth 
portion. 

158. The multilayer tablet pharmaceutical composition of claim 1 57, wherein the fourth 
portion comprises about 15-25% of the total Ievodopa in the composition, and the 
CR layer comprises about 50-70% of fee total ievodopa in the composition. 



-266- 



WO 



FIG, 1 



PCT/i:S2JM)6/024663 





11 






12 




IS 




15 




13 











1/97 



WO 2007/0025 16 



PCT/tJS2<«>6/024f)63 




2/97 



WO 2007/002516 



P€T:TS2006/024663 




3/97 



WO 




4/97 



WO 2007/002516 



P€T:TS2006/024663 



FIG- 5 



56 




5/97 



WO 2007/002516 



P€T:TS2006/024663 



FIG. 6 




6/97 



WO 2007/002516 



P€T:T 82006/024663 



FIG. 7 




WO 2007/002516 



P€T:TS2006/024663 



FIG. 8 




81 



8/97 




9/97 



WO 2007/002516 



P€T:TS2006/024663 



BIG. 10 




10/97 



WO 2007/002516 



P€T:T 82006/024663 




WO 2007/002516 



P€T:TS2006/024663 




1201 



1204 

1203: 



1202 



12/97 



WO 2007/002516 



P€T:TS2006/024663 



FIG. 13 

A 



1304 







mn 




lfp : ;§l 









- 1302 



13/97 



wo 2007/002516 pcnvszmmzMm 




- 1404 



140.2 



1405 



1403 



14/97 



WO 2007/002516 



P€T:T 82006/024663 




15/97 



WO 2007/002516 



P€T:T 82006/024663 




16/97 



WO 2007/0025 1<S 



PCT/XiS2SKK>/024663 



FIG. 17 



AM 












km mm 




i! 






I)' » 


J 1 




Mi 


€i!l 






II 




* Dav I j Da\ ' Da Oaj 


1 \ 


D i\ 


Day? 



17/97 



WO 2007/002516 



P€T:TS2006/024663 



FIG. 18 




18/97 



WO 2007/0025 1 6 PCTAIS 1006 02 4->t« 5 




19/97 



WO 2007/002516 



P€T:TS2006/024663 



FIG. 20 




20/97 



WO 2007/002516 



P€T:TS2006/024663 



FIG. 21 




21/97 



WO 2007/0025 1<S 



PCT/tiS2iKK>/024663 




110 



100 



22/97 



WO 2007/0025 1<S 



PCTAIS2fHKi/024663 



FIG. 23 




200 



23/97 



WO 2007/0025 1<S 



PCT/tiS2iKK>/024663 




24/97 



WO 2007/0025 1<S 



PCT/tiS2iKK>/024663 




25/97 



WO 2007/0025 1<S 



FIG. 26 



PCT/tiS2iKK>/024663 




26/97 




27/97 



WO 2007/0025 1<S 



PCT/tiS2iKK>/024663 



FIG. 28 




28/97 



WO 2007/0025 1<S 



PCT/tiS2iKK>/024663 




29/97 



WO 2007/0025 1<S 



PCT/XiS2SKK>/024663 



FIG. 30 




30/97 



WO 2007/0025 1<S 



FIG. 31 



PCT/XiS2SKK>/024663 




1010 
1040 



1000 



31/97 



WO 2007/0025 1<S 



PCT/XiS2SKK>/024663 



1150. 
1140. 



1100 



32/97 



WO 2007/0025 1<S 



FIG. 33 



1250. 
1240. 




1200 



33/97 



WO 2007/0025 1<S 



PCT/tiS2iKK>/024663 



FIG. 34 




34/97 



WO 2007/0025 1<S 



HG, 35 



PCT/XiS2SKK>/024663 



1430A 




35/97 



WO 2007/0025 1<S 



HO. 36 



PCT/tiS2iKK>/024663 



1540A 




36/97 



WO 2007/0025 1<S 



FIG. 37 



PCT/tiS2iKK>/024663 




37/97 



WO 2007/0025 1<S 



FIG. 3S 



PCT/tiS2iKK>/024663 




38/97 



WO 2007/0025 1<S 



FIG. 39 



PCT/tiS2iKK>/024663 




39/97 



WO 2007/0025 1<S 



PCT/tiS2iKK>/024663 



19.10 




40/97 



WO 2007/0025 1<S 



HG.4I 



PCT/tiS2iKK>/024663 



2010 




2000 



41/97 



WO 2007/0025 1<S 



FIG. 42 



PCT/tiS2iKK>/024663 



2120. 
2130. 




2110 



2100 



42/97 



WO 2007/0025 1<S 



PCTAiS2SKK>/024663 



FIG. 43 



In Vitro Dissolution of Levodopa-Carbidopa from 
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In Vitro Release of Levodopa and Carbidopa from 
Smemef® CR 50:200 Tablets, Lot# N48S2 
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FIG. 6:1 



Plasma Concentration Profiles of Levodopa & Carbidopa 
in Fed Beagles for Levodopa-Carbidopa 200 mg/SO mg 
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FIG, 71 



fn Vitro Release of Levodopa and Carbidopa from 
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FIG. 74 
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FIG. 85 



in Vitro Dissolution Profile of Levodopa 200 mg Capsules 
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FIG. 87 



in Vitro Dissolution Profile of Levodopa 200 mg Capsules 
Lot 512-085 
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FIG. U 



In Vitro Dissolution ProSi© of Levodopa 200 rog Ca psules 
Lot 601*002 
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FIG. 89 



In Vitro Dissolution Profile of Carbtdopa 200 mg Capsules 
Lot 601-012 
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FIG. 90 



in Vitro Dissolution Profile of Levodopa 200 mg Capsules 
Lot 602-001 
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In Vitro Dissolution Profile of Levodopa 200 mg Capsules 
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in Vitro DIssotution Profife of Levodopa 200 mg Capsule; 
Lot S02-O28 
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PIG. 93 



in Vitro Release of Levodopa and Carbidopa from 
Levodopa-Ca rbidopa 200 mg/50 mg Multiparticulate Capsules 
{Lot 601^38) 
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FIG- 94 



Plasma Concentration Proxies of Levodopa for 
Sinemet® CR 50:200 {Lot # N4682} and Levodepa-CarWtJopa 
200 mgim mg Multiparticulate Capsules {Lot # 6014538) 

2000 i 




94/97 



WO 2007/002516 



P€T:T 82006/024663 



FIG. 95 



Plasma Concentration Proxies of CarfoSdopa for 
Sinemet^ CR 50:200 (Lot # N4682) and Levodopa-Carbidopa 
200 mg/50 mg Muitipartieuiate Capsules {Lot # 601-038) 
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FIG. 96 



in Vito Release of Levodopa and Carbidopa from 
Sinemel? CR 60:200 Tablets, Lot# N4S82 
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